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PREFACE 


This volume is a textbook for the student of today who is preparing 
for the problems of tomorrow. It is true that industrial management has 
reached a state of maturity where fundamental thoughts and practices 
are recognized and standardized to a considerable degree. Nevertheless 
the subject is no more static than any other activity. In this book the 
authors have endeavored to make clear to students the application of 
basic principles both in current practices and in the new situations that 
arise in a dynamic society. 

The foundation of this book was laid in the earlier text, ‘‘Industrial 
Engineering and Factory Management,’' and the general content and 
organization of that work, which satisfactorily met the test of successful 
teaching of the subject in many schools and under varying circumstances, 
have been retained in this edition. Since that volume first appeared, 
however, management in our productive enterprises has outgrown the 
emphasis upon the technical and labor problems with which it was 
largely concerned in early years, and has come to recognize the impor¬ 
tance of the relations existing between industry and society as a whole. 
The idea of service to the community is much more in the foreground 
than formerly, and in this edition more emphasis is placed upon this 
asipct of management in addition to full attention to the means by which 
siwh service may practically be made most effective. 

With this end in view the first two chapters show the contacts which 
an industrial company has with the public, including its stockholders and 
customers. The next two chapters give an historical sketch of industrial 
and managerial progress. Three chapters on the organization of the com¬ 
pany follow—organization of ownership and organization for manage¬ 
ment. The next nine chapters treat the plant—questions concerning its 
location, construction and equipment for efficient operation. After a 
chapter on product standardization and simplification nine chapters are 
devoted to relations with employees. The last seven chapters describe 
control devices that aid management in eliminating waste and coordinat¬ 
ing the activities of the organization toward its major objective. 

This book is intended to be a textbook for students of organization 
and management and is designed to precede specialized training in any 
management field. Although its theme is management in the manufac¬ 
turing industries—where it was first given the scientific approach—^the 
ideas and practices described are fundamental to any type of business 
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endeavor. That they can be so utilized with only slight modification has 
been amply demonstrated. 

The material has been largely drawn from practice, supplemented by 
contributions from theory and research. There has been a definite en¬ 
deavor to clothe the abstract principles with both facts and explanation 
sufficient to show clearly how each principle applies and to bring stu¬ 
dents into close contact with actual operating detail. A wide range of 
case applications is accordingly a feature of the volume. The cases are 
drawn from small institutions as well as large, and each of them is 
definitely tied in with the principle it illustrates. They are supplemented 
by a large number of pictures and diagrams. 

Use of the basic text material in many schools and colleges has 
yielded valuable test experience, and the fruits of this have been incor¬ 
porated in this edition. 

Though primarily designed as a text, it is believed that the volume 
will be found useful by industrial executives because of the analytical 
and definitely informative treatment which is followed, and because it 
assembles in convenient form many details of practice which they need 
to have at hand for reference. 

In the preparation of the manuscript the authors have received con¬ 
stant encouragement and aid, over a period of several years, both from 
their colleagues in the University of Illinois and from practicing engi¬ 
neers, industrial executives, and other friends. They desire here to 
express their gratitude to the many who have thus generously contributed 
their time, information and counsel. 

Arthur G. Anderson 
Merten J. Mandeville 
John M. Anderson 

Urbana, Illinois 
June 1,1942 
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CHAPTER 1 


PUBLIC RELATIONS 

Relation of Business to the Community. —Many business men of a 
past generation carried on their respective enterprises without sufficient 
regard for the interests of employees, the community, or the public at 
large. The effect of such policies was to create antagonism to business 
which manifested itself in radical labor activities, negative community 
attitudes, and tax and social legislation. Those business leaders who 
administered wisely and well were also engulfed by these forces. In a 
democracy private business is dependent upon public goodwill, and the 
day of wholly free enterprise is gone. ‘‘Every business exists successfully 
only in the measure it recognizes its responsibility to the public, its 
place in democratic society.*’ ^ If the people’s interests are not served 
there is a hazard not only to free competitive enterprise, but to our form 
of government. “American business is the institution that accepts 
responsibility for the civic, social, and economic well-being of our 
people.” ^ The new role of industry is summarized for each business 
man as follows: 

You must demonstrate your own assumption of social responsibility. 
You must provide and dispense goods and services in a way that wins 
public approval. 

Your manner of providing them must promote social and economic 
progress. 

Every policy, no matter what department of your business it is to 
govern, must be formed and carried out in relation to its effect on all 
elements of your public—^>'Our workers, your customers, your investors, 
your suppliers, your neighbors, your competitors, and your government. 

You must make sure that all conditions, within your company and 
without, are the best that you can make them to contribute to the welfare 
of all the people affected. 

You must, as a duty to yourself and to your public, see to it that the 
public is made aware of the social and economic services you are giving. 

You must at all times emphasize the human side of your company.^ 

^ Statement by Doctor David Kinley, President-emeritus, University of Illinois. 

® Public Relations for Business, by Milton Wright, p. 68. 

® Ibid,, p. 69. 
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The Need for Public Relations. —^Within two generations the United 
States changed from an agricultural to an industrial nation. Nearly 40 
million people came to depend directly upon earnings from productive 
enterprises. In this period the prosperity and living standards of our rank 
and file citizens became the envy of the world. Notwithstanding, how¬ 
ever, the depression years following 1930 brought severe attacks upon our 
business and industrial organization. The fact that economic distress 
was world wide, and occasioned in large part by the chaos and inter¬ 
rupted trade relationships due to wars, was ignored or not appreciated. 
Surveys by the National Association of Manufacturers disclosed that 
in the depths of the depression 80 out of 100 people believed that industry 
had failed in its social and economic responsibilities. “In the confusion 
of fears and resentments, they seem to have concluded that short-sighted 
and selfish business management was chiefly responsible for their mis¬ 
fortune.” ^ This opinion was shared by men and women in all walks of 
life, including college and professional groups. 

The Attitude of Business Men. —Business executives were slow to 
realize the need of overcoming the hostility to business, and of educating 
the public. More goods and services were being provided to consumers 
at less cost, and the status of the working population was being steadily 
improved. It seemed to them that the meaning and value of industry to 
America was demonstrated on every hand. With the advent of hard 
times, however, the public forgot the former benefits in the confusion of 
the existing distress. Many radical plans and unworkable panaceas 
received widespread acceptance merely because they were new. Business 
men realized that Utopia is not arrived at through destruction and 
scarcity of the things people need and use, but their warnings received 
scant attention. Thoroughly aroused, men in both big and little business 
are now alert to the need of winning public confidence and belief in free, 
competitive enterprise. They seek to educate the public in sound economic 
principles, and to the hazards of changing the system under which we 
have gained so much. They are accepting responsibility for “utilizing 
♦he savings and labor energies of the people in the interest of their 
prosperity and progress, if business is to find security for itself.” 

The Nature and Scope of Public Relations. —Public relations is a 
philosophy of management which gives first consideration to the public 
interest. It is interwoven with all aspects of plant management. W. T. 
Holliday sums it up in this way: 

^ An editorial, Factory Management and Maintenance, Vol 96, No. 10. 

* From a statement of Dr. Virgil Jordan, President of the National Industrial Con* 
ference Board. 
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Your public may be said to consist of these classes of persons: 

Your customers Your stockholders 

Your suppliers Your creditors 

Your competitors Your local community ' 

Your employees Your government 

To your customer, it is your duty to give fair and equitable treatment on 
a basis that is profitable to both you and him. 

To those who supply you^with materials or equipment, it is your duty to 
extend the same consideration as you desire to receive from your own 
customers. 

To your competitors you owe a duty to cooperate, within legal limits, on 
a basis that will assist each unit in the industry to operate under high 
business standards and enable the industry as a whole to serve the public 
economically and effectively. 

To your employees you owe the adoption of a sound and well defined 
labor policy, suitable to the problems of your own particular company, your 
community, and your industry. This policy must provide for free inter¬ 
change of ideas between your management and your workers on all matters 
that interest them mutually, must give adequate opportunity for considera¬ 
tion and adjustment of all complaints, must maintain good working condi¬ 
tions, and must give fair wages for work performed. 

To your stockholders you owe the recognition that the property of your 
corporation represents their investments and their risks. For their benefit 
your business should be so conducted as to give sound service, protect the 
principal, and produce a fair average profit, with consideration at all times 
for the human factors involved in your dealings and operations and for the 
public interest. 

To your creditors you owe the duty of preserving your credit standing 
and good will by fair and equitable treatment. 

To the local community or communities in which you operate you owe 
the duty of demonstrating that your business organization is a desirable 
member. 

To all the agencies of the government in the exercise of their legitimate 
functions you owe cooperation and support.® 

Company Plans of Public Relations.—The programs of individual 
companies make up the general picture of public relations, and in the 
final analysis determine the community and national attitude toward 
business and industry. Joint community programs and efforts of state 
and national organizations aid in creating a favorable and cooperative 
attitude, but the company’s own program must justify the expectations 
raised in the public mind. “If individual enterprises do not win the 
favorable verdict of their own personnel, the people who come in contact 

® From an address by W. T. Holliday, President, The Standard Oil Company (Ohio), 
before the McGraw-Hill Public Relations Forum, Cleveland. 
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with the customers and the public, there would seem to be little that any 
avenues of publicity or advocacy could accomplish/''^ Thus public rela¬ 
tions begin at home in adequate and successful management programs. 

A noted politician has said that every name on a public payroll is 
good for forty votes. This thought suggests the influence which 
employees and stockholders of an enterprise may exercise in community 
affairs providing business is conducted in a manner to enlist their 
cooperation. Information and education appear to be the key to this 
situation. The following are some effective ways that have been used to 
interpret corporate affairs to employees, stockholders, and the public. 

Very few people are familiar with the language of accountants. The 
usual formal statements appearing in the reports to stockholders are not 
designed to create a feeling of intimacy or confidence. Recently several 
companies have attempted to present their financial stories in a more 
attractive form. The trend in corporate management is to make simplified 
annual statements that are attractive in appearance and readily compre¬ 
hended. The balance sheet of the United States Steel Corporation shown 
in Figure 1 is easily understandable by employees and stockholders. It 
is a summary of a more comprehensive statement and tells in simple 
language what the company owns, what it owes, and what it is worth. 



Cosh, olcv to pay woges <in<t bills 185.5T I 


Votvw of prodoctt on hand ond for 
Mwvtrslon for solo 294 


k-iaiii -r invostod by prolorrod 
itockhoidors 




INoaK orrd working j»rop«rt!«s 

(oftof oilowaiKo for wear ond use) 1,122, FH M ^-WT-^g^VJV rrTiTlr.: - common dotk^ 

holders tnveitmems ond wvings 1,047 . 


Figure 1. A Balance Sheet for Employees and Stockholders 


Ibid. 
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It is desirable that the employee appreciate the capital investment 
necessary to provide a plant in which to work, and tools, material and 
money with which to operate. The Caterpillar Tractor Co. presents this 
information as shown in Figure 2. Total capital ii^vestments per employee 
in manufacturing vary from about $6,000 to $20,000, depending upon the 
industry. Someone has to save this money and invest it. 



Figure 2. Chart Showing Investment Per Employee 


Where the sales dollar goes is shown by the General Motors Corpo* 
ration as in Figure 3. The extent to which payments are made for 
purchased materials, wages, executive salaries, operating expenses, 
depreciation, and taxes is made clear. The fact that these costs are 
necessarily paid before dividends can be declared is also important. 

A statement of stock ownership shows the distribution of ownership 
and the many persons who own small amounts. Many companies per¬ 
sonalize ownership further by describing typical investors. See Figure 4. 

In order that all concerned may appreciate the relation between 
employment, earnings, and sales. United States Steel presents its profit 
and loss statement as shown in Figure 5. In the larger plants, particu¬ 
larly, employees may fail to appreciate the keen competition for business, 
and the fact that products which the consumer chooses to buy provide 
the only source of money for payrolls. 

Other pertinent information which can be made available includes 
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The illustration above shows how the average 
dollar received from the sale of General Mo¬ 
tors Corporation products was used. This 
money provides funds for the payment of all 
bills and for payrolls. By far the largest part 
(88% last year) of the earnings of the busi¬ 
ness, out of which stockholders are paid divi¬ 
dends, also comes from these sales. In addi¬ 
tion, General Motors receives income as a re¬ 
turn on its investments in companies not 
wholly owned. 

MATERIALS AND SUPPLIES, 
including freight and related expenses, ab¬ 
sorbed almost half—48^ cents—or the sales 
dollar. Much of the money General Motors 
spends for materials and supplies means wages 
in the pockets of suppliers’ employes and others 
in communities throughout the nation. 

EMPLOYES 

receive the second largest share of the sales 
dollar. Last year total compensation of em¬ 
ployes, except executive management pay, 
accounted for 27Vio cents out of each sales 
dollar. 

EXECUTIVE MANAGEMENT PAY 

arnounted to of one cent for each dollar re¬ 
ceived from sales. This comprises total com- 


l»cnsatum of the 184 executives in this group, 
which includes the chief executives ot the 
Corporation and its divisions, and the execu¬ 
tive in charge of each of the plants throughout 
the country. 

TAXES 

paid to the Federal government, to states and 
to local communities took 11% cents out of 
each sales dollar. Tax co.sts arc definitely a 
major item in the total cost of doing business. 

PLANTS AND EQUIPMENT 

wear out or become obsolete. Each year money 
is set aside so that the funds will be available 
as plants and equipment need to be replaced. 
The amount set aside last year for this pur¬ 
pose and for special contingencies came to 
3A cents per sales dollar. 

STOCKHOLDERS 

—nearly 400,000 of them—were paid divi¬ 
dends, as a return on their invested savings, 
amounting to 8VJ; cents for each dollar of sales. 

The balance remaining—1% cents—-was left 
in the biisiness. This sound practice strength¬ 
ens the business, enabling it to assume new 
responsibilities, and forms the basis of en¬ 
larged future opix)rtunities for all connected 
with it. 
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(1) sales and profit record of the company by years; (2) amount of 
taxes paid, recent increases, and relation to dividends and wages; (3) 
employment by years; (4) wage trends; (5) money spent for research; 
and (6) money used in plant development. Tlie General Motors Corpo- 



Figure 4. Chart Showing Stock Ownership by Years 

ration reports to its stockholders and other interested persons that the 
tax bill of the corporation for definitely ascertainable taxes was equivalent 
to $875 per employee in 1940 as compared with $334 for the year 1935. 
This amounted to $42 per $100 of payroll in the United States. The 
effect of cost of government upon wages, dividends, and prices is 
obvious and will influence public opinion. 
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HOW U. S. STEEL EARNED ITS LIVING IN 1941 

Amount $ Ami . Pur 

Mmien $ Wotkur 

Products & Services Sold 

(inclttdlng $3 million from miscelkmeoua other aourcea) 1>623 5»336 

It disposed of this sum as follows: 


Products & Services Bought from Others ..... 609 2,000 

Taxes — Local, State & Federal. 191 629 

Wear & Usage of Facilities. 96 315 

Interest on Borrowed Money. 6 20 

Sum of these items . 902 2,964 

Balance remaining .‘. 721 2,372 


It disposed of this balance as follows: 

Wages, Salaries & Pensions for Workers .... 605 1,990 


Dividends Paid for Use of Facilities. 60 197 

Retained for Future Needs. 56 185 

Sum of these items . 721 2,372 


Thu u « rnrrmnged approrimatt ttatemumt •/ U. S. Steart fmameiat aetifititt 

Figure 5. Condensed and Rearranged Profit and Loss Statement 

Community interest may be fostered by open house programs. Too 
often business men fail to realize that even though products manufac¬ 
tured are not used in the community, its people have an interest in local 
plants because their welfare is dependent upon them. Then again, fam¬ 
ilies and friends are interested in the work situation of those employed, 
and seek understanding and enlightenment with respect to it. Workers 
enjoy having friends and neighbors see what they do. Given an oppor¬ 
tunity and correct information, communities take pride in and show 
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loyalty toward local enterprises. Open house programs tend to personalize 
business and make it neighborly. 

Each company should be mindful of the community situation with 
respect to those factors which make for better living. An environnient 
which contributes to a wholesome and adequate family life and oppor¬ 
tunity is a responsibility of community leadership. In recent years 
special emphasis has been placed upon providing better housing, more 
extensive parks, and recreational areas. 

Having placed its own house in order with management practices 
which meet the test of employee, customer, stockholder, and community 
approval, the next step is cooperation with other enterprises in the ways 
to be suggested. 

Community Programs of Public Relations. —“Management's public 
relations problem is largely a community problem. It is a matter of both 
public interest and self-interest for management to reach a balance of 
harmony with its employees, its stockholders, its customers (many of 
whom are employees and stockholders), and the people of the commu¬ 
nity . . . Management must be active in civic and public affairs as an 
indication of its own good citizenship ... It is just plain common sense 
as well as good business for management to take an active interest in the 
schools, churches, health, housing, tax rates, bonded indebtedness, and 
general welfare of the community. If the community fails to carry out 
its social and economic obligations, then industry must shoulder an extra 
burden. Management must work actively to maintain good community 
conditions and improve unfavorable ones . . . All these things bear 
mutually upon the community's welfare, the welfare of the industry 
within the community, and the ultimate success of the two." ® 

Effective personal relationships need to be established among com¬ 
munity leaders in order that the aims and objects of business and 
industrial activities may be understood. One city organization of busi¬ 
ness and industrial leaders arranges for various groups to be represented 
at all meetings where such matters are discussed. These include minis¬ 
ters, educators, reporters, and representatives of labor groups, women's 
clubs, welfare organizations, and the like. 

The Evansville Program of Public Relations. —The business 
men of Evansville, Indiana, have carried on a public relations campaign 
with success. It was recognized that “as manufacturers we had done a 
pretty successful job of selling our products to the public. We had done 

® Comment by T. G. Graham, Vice President, the B. F. Goodrich Company, Factory 
Management and Maintenance, Vol. 97, No. 9, p. 46. 




Figure 6. Organization and Activities of Evansville Cooperative League 

Evansville Cooperative League.” ® Its organization and activities are 
pictured in Figure 6. 

Special emphasis was given to improving basic conditions of employ¬ 
ment and programs of personnel relations in individual plants. “By our 
full-page advertisements in Sunday papers, our letter and poster and 


® “Evansville Does a Public Relations Job,’* by Thomas J. Morton, Jr., Factory 
Management and Maintenance, Vol. 96, No. 12. 
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essay contests, our outside and League member speakers—^by our entire 
program we seem to have convinced our townspeople that we are sincere, 
that we are frank, that we genuinely wish to be fair. Moreover, few 
literate people in this community fail to comprehend that consumers really 
pay wages, that taxes are paid by everybody including the man with no 
property and small income, that the important point is what wages will 
buy rather than how many dollars the envelope contains, that prosperity 
for each and all comes out of production and not out of the employer's 
pants pocket." 

The program has brought enlightenment to the workers of the com¬ 
munity, the women, professional men, ministers, teachers, and others, 
about industry and what it means to the community; and educated them 
with respect to the economics of human relations and legislation. 
Unsound ideas from whatever source will be less likely to receive support 
in the future. 

Business and Industrial Associations.—Business and industrial 
enterprises have sought to benefit by membership or representation in 
various organizations. These include local chambers of commerce, trade 
associations comprising those engaged in the same line of business, state 
chambers of commerce, state manufacturers' associations, the United 
States Chamber of Commerce, National Manufacturers' Association, 
and the National Industrial Conference Board. These organizations 
provide a medium for the interchange of experience and ideas, the 
formulation of general policies for research, and for influencing public 
opinion and legislative trends. They have been an important factor in 
keeping the thousands of smaller companies abreast of the times. In 
recent years they have evolved programs designed to inform and educate 
the public with regard to the aims and objectives of business and the 
benefits which accrue from modern management practice. These take 
the form of radio programs, publications, reports of research, convention 
programs, news releases, formulation of codes of management policy, etc. 

Unfortunately, “the public has been taught to be suspicious of 
explanations that come from business. The very circumstances and 
propaganda that have made it necessary to explain business have also 
made it difficult for business to do the explaining . . . There is no 
problem about preparing explanations of American business. The facts 
are available. When they are assembled, arranged, and weighed, they 
are favorable to business. The real problem is to find some way to assure 
the public that the facts are credible." 

10 Ihid. 

Public Relations for Business, by Milton Wright, p. 58. 
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Basic data about industry are available in publications of the National 
Industrial Conference Board, the McGraw-Hill Publishing Company, 
and elsewhere. They are based upon facts and figures derived from the 
United States Bureau of the Census, the United States Department of 
Labor, and similar sources. Some examples of the information available 
which is helpful in giving a true picture of the influence of industry upon 
American life are presented as follows: 

1. In little more than 100 years (1820 to 1937), while population has 
increased ISyi times, jobs in industry have increased 48 times. Jobs in 
agriculture have increased 5^4 times. 

2. In 1937 there were 3 times as many factory jobs as in 1879. Wage 
earners received nearly 11 times as many dollars. 

3. During the period 1879 to 1937, 16 new industries created more than 
a million new jobs in the making of equipment and products that we cannot 
now imagine living without. A total of more than 2,000,000 new jobs were 
created in this period. 

4. National wealth per person was $1,450 in 1900, $2,100 in 1934. 
National income in 1899 was $209; in 1934 it was $391 ($539 in 1937; $644 
in 1929). 

5. While wealth and income per person were increasing, wages went up 
more rapidly than prices, so that employees’ incomes purchased more. The 
incomes rose faster than the cost of living. 

6. In 1937, 20,000,000 out of 30,000,000 American families owned cars; 
24,000,000 American families owned radios; 64,000,000 life insurance policies 
were held by American people; and there were 44,226,178 savings accounts. 

7. During the period 1933-1934 the average profit in the manufacturing 
industries was equal to 4.2^ for each sales dollar, or 4.3}^^ for each 
invested dollar. 

8. During the period 1923-1934, factories paid out for federal, state, 
and local taxes from 1.7j4^ to 2.6^ of each sales dollar. Taxes were as high 
as 12.9^ per payroll dollar and 71^ per dividend dollar. 

9. During the period 1929-1935, 78.2 per cent of the money taken in by 
the manufacturing industries went for materials, fuel, transportation, 
replacement, interest, rent, taxes. The remainder, plus a considerable 
amount taken from surplus, was expended for wages and salaries, company 
officers’ salaries, and dividends. Of each dollar so spent 72^ went for wages 
and salaries, 8^ for company officers’ salaries, 18.5^ for dividends, and 
during one year only, 7.8^ to surplus. 

A report prepared by Business Week is designed to give a picture of 
the use of money by American industry.^® 

** “Public Relations for Industry,” Factory Management and Maintenance, Vol. 96, 
No. 10. 

“Public Relations for Industry,” a report to busine.ss executives by Business Week, 
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A Report 

To employees, stockholders, and the general public on how all American 
corporations earn their living; how they disposed of more than a trillion 
dollars in the ten-year period from January 1, 1928, through December 31, 
1937. 


Received from public for goods and services . 


$1,185,955,000,000 

Other income. 

• • 

. . . . 

24,067,000,000 

Giving business a total to work with of 

. . 

. . . . 

$1,210,022,000,000 

Which was disposed of as follows: 



A. Items over which management has 
no direct control:. 

% of 
gross 



Materials, and services purchased 



from others. 

Wear and Tear—depreciation and de- 

66.11 

.... 

$799,913,000,000 

pletion. 

3.31 

... 1 

40,018,000,000 

Taxes—Federal, state, local . . 

2.56 

.... 

20,983,000,000 

B. Leaving a balance (28.02% of 


% 


gross) for workers, management, and 


distribution 


stock and bond holders (over which 


of this 


management has some direct control) 

.... 

balance 

339,108,000,000 

Workers received in salaries and 




wages. 

19.29 

68.83 

233,395,000,000 

Management received for services 

2.00 

7.14 

24,219,000,000 

C. Leaving for bond and stock holders 
as payment for use of factories, mines, 
railroads, other tools and working 
capital. 



81,798,000,000 

Of which Interest amounted to . 

3.28 

n.7\ 

39,696,000,000 

Leaving for Dividends .... 

3.45 

12.32 

41,798,000,000 


But after paying dividends of $73,626,000,000, expenditures of corporations 
for all purposes—purchases from others, taxes, wages, etc.—amounted to 
$1,231,850,000,000. Thus, the draft on capital in the ten-year period 
amounted to $21,828,000,000. 

In this report, compiled for the first time, Business Week departs from 
the usual accounting form used by corporations in annual reports to their 
stockholders—on the theory that business executives more and more are 
leaning toward humanized treatment of their financial affairs, so that 
workers, customers and the general public may readily understand what's 
what. The report embraces all corporate industry in the United States— 
mining and quarrying, manufacturing, construction, agriculture, trans¬ 
portation and other utilities, services, finance, wholesale and retail trade, 
and miscellaneous corporate activity. The data were derived from official 
government reports, but even so, in such a vast statistical project, undertaken 
here for the first time, the totals can only represent approximations. But 
the figures have been carefully compiled and checked, and in the opinion 
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of the editors of Business Week, give a reasonably true picture of what 
American business does with the money it receives from its customers for 
the products and services it sells. (Data: Statistics of Income; National 
Income; Census Reports.) 

The American Iron and Steel Institute. —The activities of the 
American Iron and Steel Institute suggest what can be done to inform 
and educate the public about an industry, and thereby to bring about a 
change in the public attitude toward it. In former years the public knew 
little about the industry and what it did know was unfavorable. The 
steel industry is big, and hostile critics associated bigness with badness. 
The industry was dilatory in adopting the 8-hour day in lieu of the 
12-hour shift, and this was assumed to reflect its general attitude toward 
labor. It did not answer the attacks of its critics or tell its story to the 
public. As a consequence, a considerable element of public opinion was 
unfavorable to the steel industry, believing that it sacrificed the general 
interest for the selfish interests of its owners. In 1933 the American Iron 
and Steel Institute began its efforts to overcome this attitude. Some of 
its activities include: 

Preparation of pamphlets. 

Issuance of the publication Steel Pacts, 

Release of statements to the press. 

Functioning of the institute and its statistical facilities as a source of 
information about the steel industry. 

Distribution of an educational movie on the steel industry. 

The facts presented effectively refute the assertions of most critics 
and reveal the steel industry as an economic agency contributing to 
social progress. Workers in the industry are favored by high wages and 
relatively steady employment. Many older workers are employed. 
Pension plans financed entirely by the companies are in effect. Newer 
products require more labor hours per ton of output. Dividends to 
stockholders have been nominal. Management practice in general has 
been of a high order. Appreciation of these and many other facts as 
presented month by month tends to improve the public attitude toward 
all industry. 

Examples of concrete facts presented in this publication are as follows: 

1. The effect of technology of the steel industry from 1926 to 1939 
resulted in the scrapping of 173 blast furnaces, 39 steel works, 
and 144 finishing plants. New plants built include 14 blast 


Public Relations for Business, by Milton Wright, o. 92. 
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furnaces, 12 steel works, 42 finishing plants. Also there were 
improvements in existing equipment. The number of employees 
increased during the period. 

2. Labor’s share of the steel dollar increased from 35 in 1929 

to 40^4^ in 1938. Taxes took of each dollar received in 
1938, almost 40% more than in 1929, when less than 4^ of 
each steel dollar went for taxes. 

3. An American steel worker could buy a basket of staple groceries 

with the wages from about 1J4 hours of work. The cost to an 
English steel worker, 4j4; a Swedish steel worker, 5; and a 
German steel worker, 6^^. Russian steel workers had to work 
about 23j4 hours to buy a similar basket of food, and Italian 
workers almost 10j4 hours. 

4. The United States’ share of world steel output in 1884 was 26% ; 

in 1929, 48% ; in 1937, 38%; in 1938, 27%. 

5. In 1938 wage-earning employees in the steel industry received 

more wages per ton of product than in any of the four pre¬ 
ceding years. Productivity per man-hour of work was some¬ 
what lower than in any year of that period except 1934. 

6. Hourly earnings of wage-earning steel employees in 1937 aver¬ 

aged 82^ per hour, or 28% above the average 74^ earned by 
workers in all manufacturing industries. 

7. In 1890 the average number of hours worked per week w^as 67 

hours; in 1929, 55 hours; and in 1937, 37 hours. Hourly rd!t:es 
were 23^, 65^, and 82^ respectively. 

8. In 1890, 171,000 men were employed in the steel industry; in 

1929, 419,500; and in 1937, 513,000. Production in 1937 was 
10% below the 1929 output. 

9. Nine out of ten top executives of the steel industry started at the 

bottom of the ladder and worked their w’ay up. 

Summary.—Public relations efforts begin at home with an adequate 
personnel program. With this step accomplished, a part of the program 
for successful community relations is also being carried out, in the 
influence exerted by employees, their families and friends in community 
affairs. This may be augmented in the ways suggested. Efforts through 
trade and national agencies is a further step which serves to crystallize 
the efforts of individuals and communities into a unified program 
designed to reach the public at large. The future of privately adminis¬ 
tered, competitive enterprise depends upon a right understanding and 
appreciation by the public of the aims and objectives of business and 
industry, and the economic and social gains which are being achieved. 
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Enlightened management is awake to the need of building friendly 
relations with the public at large. Modern business with its dependence 
upon large-scale production and widespread markets must have the 
confidence of its present customers, its potential customers, and its 
employees—in other words, the public. The selfish and secretive attitude 
of a previous period is a thing of the past. It has given place to a spirit 
of service and open dealings that was scarcely dreamed of half a century 
ago. 



CHAPTER 2 


DISTRIBUTION AND RESEARCH 

The Economy of Plenty. —Scarcity was the accepted condition of 
economic society throughout the ancient world and in Europe during the 
Middle Ages. This state of affairs was relieved in some degree by the 
introduction of machinery in England during the 18th century, but it 
was left to a later time before any appreciable part of society’s activities 
could be turned from the production of the necessities of life to the 
distribution of the fruits of industry. The rapid strides made in the 
mechanization of agriculture and in manufacturing during the last 50 
to 75 years have given people the hope of overcoming this ancient 
scourge of scarcity and substituting in its place an economy of plenty. 
Today, through adherence to the principles of mass production, it is 
possible to produce goods in sufficient quantities and at reasonable 
enough prices to bring them within the reach of a very large percentage 
of our population. The problems of production will never be solved 
entirely, for the reduction of costs is an unending process, but we have 
sufficient knowledge of production methods and principles at present to 
allow us to turn our attention now to a solution of the problems of 
marketing. 

In fact, it is necessary to increase the market for a product in order 
to realize the benefits that come with large-scale production. The old- 
time artisan who waited in his shop for a customer to give him an order 
to make a pair of shoes was restricted to a very small output. The 
modern shoe manufacturer employs specialized machines and workman¬ 
ship to turn out thousands of pairs a day at a fraction of the cost per 
pair for the old-time cobbler, but it would be impossible for the manu¬ 
facturer to do this if he did not rely on a widespread marketing 
organization to find customers for his product. Sales and production 
are closely interrelated, and the two departments must work in coopera¬ 
tion to achieve outstanding results. 

Mass Production. —The outstanding development in recent years in 
man’s struggle to produce sufficient goods to satisfy his ever-expanding 
wants is the system of manufacturing known as mass production. This 
method of production is an American institution which has spread to 
other countries, but still reaches its culmination in this country. 
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Although it is generally thought of as being used only in large plants, 
the methods employed in mass production are applicable to many small 
companies on only a slightly restricted scale. Small manufacturers of 
washing machines, stoves, and lawn mowers have used the technique 
successfully. “Large” is a relative term, and when it is said that this 
method employs a large amount of machinery or conveyors, it must be 
understood that this is large in relation to some other method of manu¬ 
facturing. The actual investment may or may not be more depending on 
the size of the enterprise. However, it is true that the larger and richer 
companies, such as the Ford Motor Co., have been the most outstanding 
exponents of this type of manufacturing. 

The characteristics of mass production may be summarized as 
follows: 

A high degree of specialization in labor. 

A great use of machinery, power-driven tools and handling equip¬ 
ment, usually of a special design. 

A complete uniformity of the component parts of the product, thus 
making for interchangeability without the necessity of special 
fitting. 

A low labor cost per unit of output. 

An almost uninterrupted movement of the product during the course 
of production, with the product brought to the workers rather 
than the workers moving to the product. 

Great attention to planning and close timing on all processes. 

An interdependence between all departments of the company. 

Mass Distribution. —As Bernard Lester says, “Mass distribution 
is the child of mass production, but in this instance the child supports 
the parent.” ^ Since mass production operates best when there is an 
even flow of production, it is essential that the distributing system 
keep orders coming into the plant. When sales fall off, costs begin to 
mount due to the high overhead charges, and this may mean that large 
losses will be incurred. When the system is working smoothly it is rela¬ 
tively easy to increase production to almost any extent by adding addi¬ 
tional units or increasing the speed of the work by adding to the labor 
force. As a consequence, great emphasis is placed upon sales and the 
selling price of the article is constantly being reduced in order to main¬ 
tain an increased volume. This works to the benefit of the con¬ 
sumer while at the same time it gives added importance to the sales 
function. 


^ Applied Economics for Engineers, by Bernard Lester, p. 21. 



Ch. 2 ] 


DISTRIBUTION AND RESEARCH 


21 


In developing mass distribution, these factors characterize progress to 
date: 

The selecting and establishing of sales outlets where the product will be 
available for purchase in a manner easy, pleasant, and satisfactory to the 
customer. 

The creation of demand and the cultivation of customer acceptance 
through all the devices of sales promotion and advertising that can be 
conceived. 

Providing a pricing policy which seeks to sell goods to the user at 
continually lower prices. 

The mechanizing of all routine matters relating to the distribution of 
the product. 

Providing, in most instances where the purchase involves a sizeable 
financial outlay for the individual user, a means of financing the purchase.^ 

Although not all industries have been able to take advantage of the 
economies demonstrated by mass production, the greater emphasis 
placed upon sales has also afifected their operations to a marked extent. 
Increased competition for markets has spread to all lines of goods. 

The Sales Problem. —The potential market and ways of reaching the 
market are of primary consideration to enterprisers. The manufacturer 
is confronted with a changing, competitive, and progressive market. 
Buying demands and preferences influence the qualities and character¬ 
istics of commodities and prices. This is true not only for articles like 
clothing and household goods purchased and used by consumers, but for 
capital goods, machines, and equipment used in making other products. 
That the situation has proved stimulating and an incentive to manufac¬ 
turing ingenuity and effectiveness is evidenced by the low^er prices and 
wider use of automobiles, electric refrigerators and household appli¬ 
ances, radios, and the like. While the public has recognized the great 
strides made in reducing manufacturing costs, it remains critical of the 
country’s marketing structure and costs of distribution. 

The Cost of Marketing. —The cost of marketing, from the manufac¬ 
turer through middlemen to the consumer, may equal or exceed the cost 
of manufacture. For some goods marketing costs amount to 200% or 
300% or more of manufacturing cost; for cosmetics as much as 700% 
or 800%. Some critics maintain that this marketing service does not 
add to the use value of products. The part that it plays in increasing use 
and thereby making it possible to manufacture and sell at low prices is 
not so apparent. The consumer is also likely to overlook the miracle of 


2 Ibid., p. 22. 



22 


INDUSTRIAL MANAGEMENT 


[Ch.2 

low production costs achieved in many instances, and judge the situation 
by the per cent of production costs added to give the selling price, rather 
than the actual number of dollars. 

Some sections of the public have been critical of so much advertising 
and sales effort, believing that it merely diverted buying from one 
competitive product to another without increasing use, and that it caused 
people to buy unwisely. While it is doubtless true that some advertising 
is uneconomic, advertising in general has been instrumental in estab¬ 
lishing a market for numerous products much more quickly than it could 
be done by any other means. The problem is to eliminate the wasteful 
advertising instead of condemning the entire system. 

Another phase of the sales problem is that of administrative costs. 
These are not so readily analyzed and controlled as production costs. 
Selling effectiveness is less tangible than production effectiveness both 
as regards mechanism and men; while the time, place, and circumstances 
surrounding sales effort cannot be standardized and subjected to meas¬ 
urement. Nevertheless, management principles, practices, and standards 
are being evolved and aid in controlling the cost of marketing. 

In the United States there is considerable competitive freedom and 
opportunity to try out various methods and ideas with respect to market¬ 
ing. The fruits of this experience benefit the consumer by bringing 
about constructive changes. The individual enterprise must avail itself 
of the best current ideas and practices or be at an economic disadvantage 
with those interested in the same market. At the same time government 
regulation tends to curb unfair competitive practices or policies which 
are not in the public interest. 

The Sales Organization.—^A sales department will usually have divi¬ 
sions for advertising and sales promotion, and sales. Depending upon 
the nature and extent of the business, a service division, or one handling 
foreign trade, may be added. 

The structure, character, and size of the sales organization depend 
largely upon three principal factors: 

1. The product or products offered for sale. A wide variety exists in 
kinds of machinery and equipment which one manufacturer may build. 
The degree of engineering skill required in a proper selection and applica¬ 
tion of the product to the customer's needs may vary greatly, depending 
upon the nature of the market. 

2. The market, which may vary greatly as to the size, number, and 
location of customers and prospective purchasers. Their buying habits and 
practices may also vary greatly. 
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3. The methods of distribution in reaching the market may vary widely, 
and the extent to which resale outlets are employed presents conditions 
vitally affecting the structure of the sales organization and its operation.® 

Selling a Full Line.—Many salesmen sell a full line of their company’s 
products, as in the case of hardware to retailers. Salesmen for a jobber 
of paper products and school supplies handle more than 1,000 products, 
consisting of some 15,000 items, and average 8 or 10 calls a day, some¬ 
times 15 or 20, upon retailers, hotels, schools, printers, and others. With 
well-established accounts the salesman’s work consists in part of replen¬ 
ishing stocks at periodic intervals, and sales effort is concerned with 
maintaining satisfactory dealer relations and in seeking new accounts, 
rather than with prices. Many sales organizations contacting consumers 
and retailers place responsibility for collections upon salesmen. The 
latter’s first-hand knowledge of the customer is valuable to the credit 
manager, and the practice is an effective check upon salesmen who think 
too much in terms of orders. 

Specialization by Products.—^Another way of organizing a sales force 
is by lines of product. This arrangement gives the advantage of speciali¬ 
zation, which becomes more effective as individual products increase in 
importance, require expert sales or technical knowledge. A disadvantage 
would be the increase in traveling expenses for salesmen covering the 
same territory. When a customer buys several lines or products from 
one company the idea of specialized selling may need to be modified, as 
too many sales contacts create confusion in the selling organization and 
are not welcomed by the prospect. Sales arrangements may take the form 
of different salesmen for different classes of buyers. One man may call 
upon the retail trade, another upon selected large consumer accounts, and 
another upon industry. Specialized selling by industries is also arranged 
for in some lines where technical information and trade knowledge are 
important. 

The sales group may be organized under one executive, or under two 
or more assistant sales managers each responsible for a line of products, 
or possibly a class of buyers. Organization of sales by geographical 
areas proves successful in some cases. A metropolitan area may be 
covered by one group, regional areas by others. A company doing busi¬ 
ness nationally, or in several sections of the country, may establish 
regional sales headquarters. This tends to localize the company in the 
mind of the customer, which is desirable. When orders can be shipped 
from stocks in the respective areas the situation is further improved. 


Marketing Industrial Equipment, by Bernard Lester, p. 165. 
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Analysis of the Market. —^“Market analysis is the study of the pos¬ 
sible market or buying power for specific products, so conducted as to 
furnish definite information that will enable the manufacturer or other 
distributor to ascertain his possible total sales volume, and so to dis¬ 
tribute his sales and advertising effort as to receive maximum returns at 
a minimum cost.” ^ The data needed vary with the product, and would 
be quite different for consumer goods than for products used by industry. 

Market Analysis for Consumer Goods. —market analysis for con¬ 
sumer goods of various kinds in a given community would take into 
consideration the population, the class of people, occupations represented, 
average incomes, buying habits, competition, and other influencing 
factors. The sale of many staple products, such as salt, sugar, coffee, 
bread, and the like is determined mainly by population figures, and is 
not increased greatly for any length of time by sales efforts. The sale of 
work garments would be influenced by the occupations represented, the 
number engaged, and payrolls. Fresh meat sales in a wage-earning 
community fluctuate with prices and payrolls. The buying of furniture 
and household furnishings depends upon the number of new homes being 
established and the general level of community prosperity. Automobile 
registration figures for the various states provide an index of gasoline 
sales and of repair parts. The number of home owners suggests possible 
sales for oil burners or automatic coal-burning equipment. Building 
permits indicate possible sales for plumbing goods, light fixtures, hard¬ 
ware, and many other products. 

The use of household electrical equipment is naturally limited to those 
homes where electric current is available, and is further influenced by 
the cost of electricity and the use of gas. Farm markets may be estimated 
by considering the farm population, number of farms, size of farms, crops, 
and livestock raised, farm incomes and other factors. Climate is an 
influence in the sale of many products, such as heating equipment, sport- 
ing goods, and clothing. Office furniture, filing cases, and other office 
equipment would be purchased mainly by those engaged in business and 
the professions. The number of business telephones may be a guide to 
this. 

Analysis of the Industrial Market. —For purposes of analysis the 
industrial market has been classified into three types: i.e., (1) the 
horizontal market, (2) the vertical industry market, and (3) the vertical 
product market. The producer of articles used generally in manufactur¬ 
ing plants, such as electric motors, would be interested in the horizontal 

^ Industrial Marketing, by John H. Frederick, p. 25. 
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market including all industry. Manufacturers of articles used by one or 
several industries, such as shoe machinery and upholstery materials, 
would need information of the size, number, and location of plants in 
particular industries. If the article to be sold is used in making one of a 
number of products produced by an industry, the analysis will need to 
disclose which plants in the industry produce the product in question, and 
how much of it. The following factors are used as the basis of analysis 
of the relative importance of the manufacturing market in different 
areas: ° 

1. Number of manufacturing plants. 

2. Number of wage earners. 

3. Number of salaried employees. 

4. Wages paid. 

5. Salaries. 

6. Rated horsepower of equipment in the plants. 

7. Cost of materials used in manufacturing. 

8. Value added to materials by manufacturing. 

9. Value of products produced. 

With regard to the use of these factors, John H. Frederick writes as 
follows: 

The choice of the appropriate factor or combination of factors will 
depend upon the product to be sold. Thus, in measuring the potential 
market for certain products, such as paint, the number of plants might be 
the important factor; whereas in the case of other products, such as lubri¬ 
cating oils, it may be advisable to give more weight to the rated horsepower 
of equipment in the plants . . . The factor that measures buying power for 
his particular product to the best advantage will be the factor of most 
significance to the manufacturer . . . 

Measuring the Horizontal Market. —In general it may be said that 
the relative importance of the horizontal manufacturing market in different 
parts of the country is indicated by the concentration of industry in the 
different counties and cities, as measured by one or more of the above 
factors. Potential markets for products consumed in this horizontal market 
should be largest in those counties which have the greatest number of 
manufacturing plants and wage earners, and in which the cost of materials 
and value of products manufactured arc greatest . . . 

Measuring the Vertical Market. —In studying the vertical market 
the size of plants, as well as their number and location need to be 
known ... In the case of specific lines of equipment and supplies, it is 

® ‘‘Manufacturing Market Statistics,*' U. S. Department of Commerce, Domestic 
Commerce Series No. 67, 
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frequently possible to determine the size of the market with a remarkable 
degree of accuracy, provided the distributor has among his customers a few 
who purchase from him exclusively. A comparison of these customers’ 
purchases with their importance as a market, as indicated by some factor or 
factors, such as the number of wage earners in their employ, gives a basis 
for measuring the total market for the product in question for the whole 
country.® 

Sources of Market Analysis Data. —Data and information for mak¬ 
ing market analyses are available to a surprising extent. A great deal 
of basic information is compiled by the Bureau of the Census and the 
Department of Commerce at Washington. Trade associations and the 
publishers of trade and farm papers know their fields thoroughly and 
are prepared to supply detailed information needed in making market 
surveys. Other sources include building permits, crop reports, financial 
journals, and reports of bureaus of business research. Several years ago 
the marketing counselor’s staff of the McGraw-Hill Publishing Com¬ 
pany, Inc., New York, made a study of the industrial market situation 
in ten selected cities. Their purpose was to secure data pertaining to 
each industrial plant in the respective areas, which when analyzed would 
provide a dependable guide for the formulation of marketing methods 
designed to reach industrial buyers. 

Using Market Counselors. —Market counselors are available who 
specialize in making marketing surveys. They are used to a considerable 
extent in the field of consumer goods, but less in capital goods lines. For 
new products which are to be distributed widely, and which are not too 
complicated or technical, outside service may be desirable. Companies 
which make their own surveys believe that in ferreting out the informa¬ 
tion desired greater accuracy is achieved, and added insight and under¬ 
standing are gained of the market. 

Channels of Distribution. —Goods and commodities move from pro¬ 
ducers to users through one or more of several middlemen including 
(1) sales direct to the consumer, (2) retail stores, (3) jobbers and 
wholesalers, (4) industrial dealers and distributors, and (5) manufac¬ 
turer’s agents. 

Producer to Consumer. —This simple, direct method of distribution 
is utilized effectively for a variety of products. Sales may be effected by 
means of advertising and receipt of mail orders, as evidenced by the 
success of the mail order companies and sellers of nursery stocks, hosiery, 

® Industrial Marketing, by John H. Frederick, Ch. 2. 
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books, and the like. Door-to-door selling is carried on for articles such 
as vacuum cleaners, brushes, hosiery, and other articles of household use. 
In country areas automobile salesmen with established routes offer 
customers a line of 100 or more articles including spices, extracts, toilet 
articles, medicines, and poultry and stock feeds. These men usually 
purchase and resell the goods handled, but are given sales direction and 
assistance the same as though they were company employees. The busi¬ 
ness man is asked to buy cash registers, adding machines, and other 
specialty items at his place of business. Much railroad equipment is sold 
direct. Manufacturers tend to deal with producers as machines and 
equipments used increase in size, cost, or become complicated and tech¬ 
nical. Most machine tools, however, are sold through dealers, but some 
are sold direct, and some builders use both channels of distribution. An 
obstacle to more direct selling is the demand made upon the customer’s 
time. For this reason housewives, farmers, and business men prefer to 
buy as much as possible through trade channels. 

Retail Store Outlets.—The use of retail outlets ordinarily separates 
the producer from the customer. In many instances customers also have 
the opportunity of choosing competitive products when making a pur¬ 
chase. Customer convenience is a big factor in this method of selling. 
Many consumer purchases are in small amounts and may include items 
from different industrial sources, as for example, cheese, brooms, canned 
goods, and flour. Purchasers are in general familiar with the goods 
offered through advertising or use, and special sales effort or expert 
sales service is ordinarily not justified. In fact, in many retail outlets 
the service of clerks is being minimized, and their function limited to 
assisting the customer to get what he wants, package the articles chosen, 
and make change. Advantages to the manufacturer of retail outlets are 
the fewer salesmen needed, the less expense in connection with customer 
accounts, decreased credit risk, and smaller cost of packing and shipping 
larger orders. 

Jobbers and Wholesalers.—These agencies provide for large-scale 
buying and selling with resultant lower costs. They serve retailers to 
advantage by having available products from various producers. On 
many staple products profit margins are dependent upon volume sales, 
and the articles do not warrant any considerable expense for sales 
promotion. This channel is particularly economical in reaching small or 
scattered retail outlets. In comparison with retail stores, the advantages 
of fewer outlets, credits, administration costs, and of shipping costs are 
further increased. Not many machine tool products are marketed through 
jobbers or wholesalers. Groceries, hardware, and plumbing goods are 
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examples of products handled in this way. Manufacturers of the latter 
products advertise generally to the public, and through trade channels to 
architects, jobbers, and plumbing firms, supplying the latter groups with 
catalogs. Field men likewise contact these groups and seek to promote 
a demand upon jobber stocks for the firm’s products. Direct sales of 
some lines may be made to municipalities, water and gas companies. 

The Industrial Dealer or Distributor. —The industrial dealer or dis¬ 
tributor handles machine tools and equipment, contractors’ supplies, 
shop supplies, power and transmission equipment, various classes of 
tools, electrical supplies, heavy hardware, and other lines. He serves as 
a middleman between the producer and industrial consumer. He buys, 
stocks, and resells; he employs traveling salesmen, issues catalogs, and 
assumes credit risks. Close contacts are maintained with the trade, and 
salesmen endeavor to be helpful in connection with technical problems. 
Ability to make deliveries from local stocks, and to deliver small and 
emergency repair orders quickly attracts business. 

A distributor specializing in steel products maintains ten regional 
stocks and offers the industrial market more than 10,000 kinds, shapes, 
and sizes of steel products. Bars are analyzed and tested for chemical 
and physical properties and heat treatment response. Data sheets and 
charts showing properties of the .steel and results of the tests are pre¬ 
pared and sent with every order, large or small, as a guide to heat 
treatment. 

The Manufacturer’s Agent. —The manufacturer’s agent is an individ¬ 
ual or firm that is granted exclusive sales rights in certain areas, which 
may consist of a city, district, or include one or more states. He oi)erates 
on a commission basis, handling the products of different manufacturers 
which complement each other rather than compete. “The average manu¬ 
facturer’s agent is distinctly in business for himself, carrying no stock of 
goods, however, and soliciting orders on the basis of prices and terms 
dictated by the manufacturer, who ships and bills orders directly to the 
purchasers.” Lines distributed through this channel include most lines 
handled by the industrial dealer or distributor. Manufacturers’ agents 
may be used to supplement a sales organization, and enable the manu¬ 
facturer to derive business from territory not economically accessible 
otherwise. 

Combination of Methods. —In the effort to lower costs and to adjust 
marketing procedures to changes in the market, producers are continually 


“^Industrial Marketing, by John H. Frederick, p. 130, 
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seeking more economical and better channels of distribution. Manufac¬ 
turers may sell products through regular ^ channels under their own 
brands and at the same time supply other distributors with private 
brands. Some tire manufacturers increase production volume in this way 
by selling to the mail order houses. Shoe manufacturers, distributors of 
gasoline and oil, drug manufacturers, and others increase and stabilize 
sales by establishing their own retail stores as well as selling to independ¬ 
ent retailers. A large manufacturer of soap products distributes through 
jobbers and at the same time seeks orders directly from retailers. In 
this instance a public demand has been created by advertising and sales 
promotion which justifies the jobber in serving small and scattered 
retailers not reached directly by the producer. A number of large mer¬ 
chandising firms own and operate mills and factories which supply in 
part the products they handle. In other instances plants dispose of their 
outputs to a single customer, who may resell through branch stores and 
at the same time act as a distributor to independent outlets. It is not 
unusual for manufacturers or distributors to use retail outlets in a com¬ 
munity to serve small buyers, and contact the more important users by 
means of salesmen. 


Methods Used by a Tractor Company.—^The Caterpillar Tractor Co. 
makes Diesel engines, tractors, and road machinery. The United States 
and Canada are divided into four sales divisions. Distributors for trac¬ 
tors and road machinery are appointed, each with a specified territory. 
Agricultural dealers and engine dealers are also appointed. These deal¬ 
ers, while operating in distributors^ territories, are limited to the class of 
users of the products that they sell. Each sales division has district 
representatives and engine representatives who contact their respective 
distributors, and dealers. As tractors are used to operate earth-moving 
equipment, bull-dozers, graders, scrapers, snow plows, and other equip¬ 
ment, there is an accompanying demand for this auxiliary equipment 
which is sold through the same channels. This equipment in part is 
supplied by a selected group of independent manufacturers, who have 
working agreements direct with the distributors. Close working arrange¬ 
ments with the Caterpillar Co. assure satisfactory designs and service. 
In these cases the primary need of the customer is the auxiliary equip¬ 
ment, the tractor merely providing the motive power. 

Advertising.—Advertising is used to sell or facilitate the sale of goods 
and commodities. Media most used to advertise consumer goods include 
newspapers, magazines, mail order catalogs, the radio, window displays, 
and billboards. Industrial products are advertised in business papers, 
trade and professional magazines, and technical journals. Direct mail 
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advertising is also used in the form of letters and folders, catalogs are 
issued, and some use is made of moving pictures, exhibits, and other 
forms. 

Much consumer goods advertising is designed to inform and convince 
the customer, so that little or no further sales effort is required. The 
consumer is educated to ask for the product. In many retail stores there 
is much more buying than selling. For more important purchases adver¬ 
tising may predispose the customer in favor of the product or article so 
that the salesman’s task is made easier. Manufacturers of industrial 
products find advertising useful in the following ways: ® 

1. Advertising creates prestige for the manufacturer. 

2. Advertising maintains contact with buyers between purchases. 

3. Advertising helps to overcome prejudice. It must be a source of 

information for buyers. 

4. Advertising reaches those buyers who are out of range geographi¬ 

cally, or whom it is difficult to see. 

5. Advertising aids in discovering those who are actually interested 

in the products advertised. 

6. Advertising aids the manufacturer in locating good salesmen, 

agents, or distributors. 

Some industrial products are sold by direct mail advertising, but most 
manufacturers depend upon the salesman for the final step in obtaining 
orders. The salesman’s task is facilitated, if not made possible, when the 
prestige of the company has first been established in the customer’s mind, 
and he has become familiar with its products through advertising. 

An advertising program must be balanced in its use of media, and 
coordinated and timed with the activities of salesmen. The preparation 
of advertising copy of various kinds is an art calling for considerable 
skill, knowledge, and experience. Carefully prepared budgets are an 
incentive to effectiveness in these matters. 

Sales Promotion. —Sales promotion supplements advertising, and is 
a link in the sales program. It includes publicity, the use of movies, 
exhibits, displays, demonstrations, and literature which is informative 
and descriptive. Sales promotion activity should answer questions which 
the customer may have in mind and thus lead to sales. Literature mailed 
to prospects or handed to them by salesmen, may be supplemented by 
demonstrations of the effective use of the machine or product. Another 
phase of sales promotion work is aiding dealers to increase sales. This 
may be accomplished by better arrangement or location of stock, use of 

* Industrial Marketing, by John H. Frederick, p. 198. 
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window displays, cards, and the like, and advertising material for cus¬ 
tomer distribution. Candy sales in a Chicago department store were 

doubled by a better arrangement and display of the stock on the counter. 

■ 

Sales Work.—^The case of the machine tool dealer or distributor pro¬ 
vides an example of the sales task and is described as follows by the for¬ 
mer president of the National Machine Tool Dealers Association.® 

Sales work can be divided into four classifications: Missionary, Respond¬ 
ing to Inquiries, Servicing, and Contacting. 

Missionary work consists of introducing equipment where it is unknown 
or where its use was not previously contemplated. This involves the use of 
descriptive literature, photographs, blue-prints, moving pictures, models, 
and sometimes demonstrations of the machines themselves. In doing this 
missionary work it is necessary to know in advance the customer’s product 
and his method of manufacturing and, with this knowledge, lists are pre¬ 
pared of manufacturers who are to be offered specific machines. 

Inquiry work consists of following up inquiries originating with the 
customer, usually resulting from a need for replacement or because of a 
new or changed product. In this case the salesman’s duties consist of 
immediate investigation of the inquiry, in order to gain the necessary 
information on which his proposal is to be based, after which he follows up 
the transaction to sell the merits of his particular equipment. 

Service ivork consists of the demonstration of newly installed equipment 
when necessary, the investigation of complaints, and the making of correc¬ 
tions either personally or through a factory service man when required. 

Contact work consists of maintaining relations with executives of indus¬ 
trial plants, and with the various branches of the industries through the 
societies representing them. 

The dealer’s organization must also include^the usual office personnel, 
with a sales manager, auditors, stenographers, clerks, and in some cases, an 
engineering staff. 

Manufacturers selling through dealers furnish sales assistance by pro¬ 
viding the necessary literature, photographs, blue-prints, models, moving 
picture films, and samples of work. In the case of high production machinery 
the manufacturers also prepare time-study estimates and design and quote 
on special fixtures and tooling. Some manufacturers have sales engineers 
to cooperate with their dealers and also provide field men for demonstrating 
special equipment after it is installed. 

Growing Importance of the Consumer.—Sales activities are engaged 
in to interest the consumers in the manufacturer’s products. As has 
already been pointed out, the early manufacturer was not greatly con- 

® Marketing Industrial Equipment, by Bernard Lester, p. 64. 
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cerned with this problem for he came in direct contact with his customers 
and usually did not start production until orders were received. Modern 
manufacturing is on an entirely different basis. Goods are now generally 
made according to the manufacturer’s conception of what his customers 
want and are produced in large quantities prior to their sale. By this 
means great economies are secured in production costs, but a great 
element of risk is incurred in estimating the desires and extent of the 
market. If the consumers of the product do not accept the manufacturer’s 
design, or if the extent of the market is overestimated, large losses will 
result. In the last analysis it is the customer who must be pleased if 
business is to be conducted successfully. '‘By the very nature of things, 
the bigger an institution grows, the wider becomes the breach between 
the customer and those guiding the destiny of the institution.” Hence 
the importance of the consumers’ tastes and prejudices has increased as 
manufacturing establishments have grown in size. 

Consumer Research.— All manufacturers have recognized this prob¬ 
lem and most of them have made some effort to determine consumer 
desires before they start production. Many of them have developed 
elaborate means to measure the probable size of the market, l)ut not so 
many have engaged in a scientific attempt to keep in touch with changing 
consumer wants as an aid to the development of design and sales efforts. 
Information received from dealers or salesmen in the field is helpful, but 
frequently it is not sufficiently detailed or accurate enough to serve as 
a reliable guide. A recent survey by the United States Department of 
Commerce indicates that 30% of American manufacturers of consumer 
goods operating nationally employ customer research in some form or 
another. 

One of the leaders in this new field of determining customer reactions 
in advance is the General Motors Corporation. Its conception of the need 
and position of customer research is pictured in Figure 7. “Jtist as the 
physical laboratory concerns itself with the qualities and behavior of 
physical things in relation to problems of design and production, cus¬ 
tomer research concerns itself with the psychological attitudes and reac¬ 
tions of human beings—not only as regards questions of product design, 
but as regards the services, policies and procedures surrounding the sale 
and use of the product ... We might say that the purpose of customer 
research is to make contributions to the merchandising function parallel¬ 
ing the contributions that the physicists, the chemists and the metal¬ 
lurgists have made to engineering design and manufacturing processes.” 

Henry G. Weaver, Director of Consumer Research, General Motors Corp. 

From a pamphlet issued by General Motors Corp., Thought Starter No. 90. 
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Under the conditions of the one man shop, with the 
head of the business serving os designer, monufoc* 
turer, purchasing agent, salesman, and service 
expert, an intimate understanding of customer 
tastes and desires was automatically assured. 



MODERN INDUSTRY 



By the very nature of things, the bigger an 
institution grows, the wider becomes the gop 
between the customer and those responsible 
for directing the destiny of the institution. 

With producer and consumer so widely 
separated it becomes increasingly difficult 
to keep the business sensitively attuned to 
the requirements of the customer. 


GENERAL MOTORS 


There is a need for some kind 
of liaison which would serve 
OS 0 substitute for the close 
personal contact which existed 
automatically back in the days 
of the small shop. 

CUSTOMER RESEARCH 


iliary and more direct line of communi 


cation between oroducer and consumer. 



Figure 7. Position of Customer Research in the General Motors Organization 
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The technique employed by the General Motors Corporation consists 
in sending out a series of questionnaires to motorists in order to deter¬ 
mine the general trend of their desires in motor car design. More detailed 
information is obtained from a select group of “motor enthusiasts” on 
technical improvements, and an attempt is made to get facts which will 
indicate the best way of presenting these improvements to the public. 
Questionnaires are supplemented by the field surveys and an educational 
campaign intended to prepare the way for favorable customer acceptance 
of new designs. For example, style changes are checked before and after 
being made through a variety of inquiries. Not only General Motors cars 
but all other American makes are included in the survey. Although sales 
and advertising aids are obtained as a secondary factor, the main problem 
is to obtain information on the question of what the buyer wants in the 
way of a product. 

Consumer Research and Advanced Design.— 

The maintenance of a consumer research activity does not necessarily 
mean a blind acquiescence to the expressed tastes and desires of the con¬ 
sumer, which, as applied to a highly technical product, might lead to viola¬ 
tion of sound engineering, to' constructional difficulties, or to increases in 
cost outweighing the advantages to be gained. But consumer research does 
provide the means whereby the consumer may readily pool his practical 
experience with the technical skill of the manufacturer to the end that the 
needs, tastes, and desires of the consumers may be brought into proper 
relationship to scientific research and inventive genius, and most of all into 
an intelligent union with practicability. 

The talent and the facilities represented in the modern manufacturing 
organization place upon the producer the responsibility for aggressive 
leadership in his particular field. Mass production technique demands that 
design and experimental work be done well in advance of the manufac¬ 
turing program. The maintenance of a consumer research activity in no 
sense relieves the manufacturer of his obligation to contribute to scientific 
progress and advances in design which may easily be beyond the concept of 
the layman. After all, the consumer is more of an expert on use than he is 
on design. Therefore he can hardly be expected to project himself very far 
beyond that which he sees and experiences in his daily life.^^ 

The Demand for New Products. —In contemporary American 
society there is a demand for new and improved products. This has not 
always been the case, but has come about as a result of the impact of 
modern science and technological invention upon society. So often have 

“Consumer Research and Consumer Education,*’ by Henry G. Weaver, The Annals 
4»/ the American Academy of Political and Social Science, Vol. 182, p. 93. 
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science and research improved old products and invented new ones that 
people have come to regard articles which dp not incorporate the latest 
techniques as definitely less desirable than those which do. In some 
cases this enthusiasm for novelty is carried too far, but on the whole 
newness is usually backed up by sound research. There are two kinds of 
changes which have resulted from the effect of science and technology 
upon products. One is the change in the external design of articles; the 
other, the improvement of materials and parts. These are not separate 
and distinct, but are aspects of a single trend which must be more and 
more taken into account by the sales department. The effect of technical 
advancement has been to make the public improvement conscious and to 
create a demand for better and more attractively styled products. 


The Influence of Research on Design. —^Research creates products 
heretofore unknown, and, in a very real sense, creates new wants on the 
part of the buyer. Such things as vitamins, ultra-violet lamps, photo¬ 
graphs, electric refrigerators, are all things of this sort. They and 
innumerable other things like them have changed the social face of 
western countries. These products of research have changed not only 
physical habits but customs and attitudes, ways of thought, and ideals; 
they have profoundly altered our ways of living, and since there is appar¬ 
ently no limit to new products, the coming half-century may be as 
different from today as today is from 1900. The result of such a constant 
influx of new things is a society which expects change and even demands 
it. This gives to living a great deal of variety, and a heightened sense of 
quality and intensity. It makes necessary the new models in automobiles 
and other products. It fosters the changes and improvements in every 
article offered on the market. It emphasizes style, and in this sense, 
technical research is ultimately responsible for the well-designed pens, 
stoves, and refrigerators, for the beautiful machinery used in some plants, 
and for the architecturally perfect plant structures themselves, as well 
as the technical inventions making these things possible. 

The results of invention and research are novel; the effect upon 
society is a demand for the new, a demand which focuses on styling, and 
which has resulted in the new industrial architecture, air conditioning, 
and lighting, in the new forms which manufactured articles have taken, 
and which are so great an improvement over older models. 

Although modern design originates in novelty, it takes its inspira¬ 
tion from utility. In making things better, science and research have 
emphasized the utility of the articles. An improved pen is a pen that 
writes better, and an improved light is one that enables its user to see 
better. It is only a step from this to the design of a pen which in its form 
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embodies its function of writing, and to modern lighting fixtures which 
are designed to give optimum lighting conditions. This is a radical 
departure from older design conventions. Ornaments are not, as they 
once were, superimposed upon the article. The article now stands on 
its own feet—^the use to which it will be put. Modern cars no longer 
imitate the carriage; they tend to be designed to afford the least wind 
resistance and the optimum in traveling comfort. The results are defi- 
nitely preferable to the older style. The effect of science and research 
upon sales has thus been direct. It has accentuated the demand for 
styling and has tended to make this styling functional in character. 

Product Design.—If a given product is to satisfy the uses to which 
the consumer will put it, it must be designed from both an engineering 
and artistic viewpoint. The demand for new and up-to-date styling has 
given rise to organizations of commercial artists who together with the 
plant engineering department work out new styles which can be pro¬ 
duced at a predetermined cost. The sales department usually calls in 
these outside consultants, or in the case of large organizations, its own 
staff, and the problem of styling a product is first taken up from the 
point of view of sales. The market situation is analyzed, competitors’ 
products reviewed, an analysis of consumers’ needs and desires is 
made, and from these data the general type and goals of the new design 
are determined. Having once determined the relation of the new design 
to sales, the stylist turns to an analysis of the present production methods, 
for unless the new style is adaptable to the plant methods, its cost will 
be prohibitive. In the meantime the engineering department has been 
incorporating the newest technical improvements in tentative drawings. 
A conference is now necessary between the representatives of the sales, 
style, and engineering staffs. This conference has the problem of working 
out what technical improvements must be sacrificed to style, what changes 
in style are suggested by improvements, and the manner in which these 
things are to be incorporated in the sales program and the production 
schedule. 

While styling is always involved in product design, it may not be 
always a fundamental factor. Very often product design is a means of 
simplifying manufacturing processes, of using interchangeable parts, or 
of reducing price. Very often a new design originates in the desire to 
incorporate improved technical processes and equipment for manufac¬ 
ture in the production of the article, and to take advantage of the recent 
research in the construction of the article itself. However, no design can 
be complete unless it is developed from the point of view of style as well 
as technical improvement. 
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From the point of view of the artist, the production engineer, the 
research engineer, and sales, the new design must do for the consumer 
what he wants done, must be adaptable to production, must be economical 
to produce, and must embody up-to-date technical improvements. The 
incorporation of all these attributes in the product is a tremendously- 
complicated affair. That it has been done, and that the result is quite 
generally a beautiful article is a tribute to modern industry. 

Services of Industrial Designers.—^The problem of designing, as has 
been noted, is partly a problem of style. It often happens that a plant 
does not have enough styling problems to warrant maintaining a style 
staff. In this event, or in case a new perspective is desired, it is often 
desirable to call in the services of an industrial designer or group of 
designers. Naturally the capacities of the designers available for this 
purpose vary greatly, and it should be remembered that since the style 
of the article is the most apparent thing about it, it is very important to 
sales. The initial cost of design service should be measured on this basis. 
The style of an article through its merchandising appeal can do more to 
break a sales quota than perhaps any other factor. The technique of 
styling has been highly developed and when done completely is well 
worth its cost. Styling is not merely a matter of sketching a design on 
paper, but involves coordinating work with every department in the 
plant. 


The Manufacturer, Research, and Society.—In a society which 
seeks newness, a manufacturer is forced to employ research. Only along 
the frontiers of applied science can new products be found, and only 
through new products can the manufacturer take advantage of the market 
for what is different. The creation of vitamins in capsule form, the 
production of new plastics in the chemical laboratory, the introduction of 
television all give to the manufacturer who first succeeds in offering them 
to the public an economic advantage. Momentarily such a manufacturer 
is outside the field of competition, his prestige is increased in the mind 
of the public, and the advertising value of such an achievement is 
incalculable. 

This emphasis upon the connection of research and future possibili¬ 
ties in manufacture does not omit process research, the development of 
better ways to manufacture. The possibility of producing many new prod¬ 
ucts has hinged upon the discovery of some way of getting results on the 
manufacturing line. The modern gasoline engine is the product of 
‘‘superfinished** cylinders and bearings, a smooth and even surface with¬ 
out which its performance would be relatively low. Modern aircraft are 
the result of the discovery of a means of processing aluminum ore. A 
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great many lamp filaments and oil-impregnated bearings can be made 
only because powder metallurgy has become a reality. Nor does the 
statement that research is the leader of manufacture into the future omit 
product research, the improvement of extant articles. Such improve¬ 
ment is often as not a radical change, and unless the development of a 
product keeps pace with the possibilities opened by pure research it will 
soon become antiquated and unsalable. There are many relatively rou¬ 
tine functions of the research division of a plant, but they center about 
the application of the latest scientific discoveries to production, either 
production already begun, or the production of completely different 
products. 

The research division of a plant is, in a sense, insurance, for it makes 
certain that the plant keeps pace with the times and insures that the 
future will not catch it without a product to manufacture or an antiquated 
article. Society demands that industry take advantage of scientific 
knowledge in producing new and improved articles, and research insures 
that industry is not failing to meet this demand. 

The trend of research in the recent past is definitely in this direction. 
Preoccupation with minor improvements and processing is being left 
to the engineering division. The research division is now generally 
responsible only to the executives of the plant or organization, where 
action upon radical changes can be obtained. 

Services of Research Institutes.—Pure research involves consider¬ 
able expenditure of capital, both for equipment and personnel. It is now 
possible for plants not wishing to spend the capital needed, to turn over 
particular problems to research foundations for solution. These founda¬ 
tions, such as the Mellon Institute, or the Battelle Memorial Institute, 
are staffed by leaders in industrial science and possess complete equip¬ 
ment and libraries for all types of research. They are not, of course, 
testing laboratories or engineering staffs. However, any problem involv¬ 
ing the development of new techniques, or the analysis of particular 
problems from a scientific viewpoint, the adaptation of the latest scien¬ 
tific tools to the industrial processes, or the development of new mate¬ 
rials is in their field. Problems which go beyond ordinary engineering 
techniques, and seem to require original scientific analysis can be 
referred to them. 

These institutes usually operate on a retaining fee plus the cost of 
such additional apparatus as is necessary for the particular problem. 
They report their findings directly to the executives of the company, and 
provide a means for obtaining information beyond the scope of ordinary 
plant routine. 
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Developing New Ideas. —Since the functions of the research division 
are not primarily time saving or money saving in character, although 
incidentally both time and money are often saved in consequence of 
research work, the managerial aspects of research do not tie in closely 
with matters of production, wages, and employee relations. The research 
department is fundamentally more closely related to the sales division, 
engineering and design division, and to the group of men which deter¬ 
mines the policy of the company in regard to radically new products and 
processes. Such a group usually includes the heads of the engineering, 
design, and sales divisions together with the director of manufacturing 
and general manager. This group of men forms the management counsel 
on what lines research will take. It is a two-way channel. Not only 
does it decide the general direction of research investigations but also, 
through its contact with many parts of the organization, it is often a 
source of suggestions for research. In addition this council decides 
whether new products originating in research shall be put into produc¬ 
tion, whether this production shall be organized and developed within 
the main plant or whether a subsidiary organization shall be set up, as 
might be the case where the product in question is quite different from 
the product already being manufactured. Such a council as this pro¬ 
vides the best means of allocating problems between engineering design 
and research. Thus, problems which demand only engineering and 
designing skills can be steered away from the research division, and 
the highly technical knowledge there be reserved for problems of this 
nature. 

Within the research department itself there are two managerial tech¬ 
niques for handling problems. One is the assignment of an entire prob¬ 
lem to a research worker; the other is the division of a problem into 
parts, each of which is handled by a specialist. This latter method must 
necessarily be restricted to problems of a relatively simple order, for 
unless enough is known about the subject of the problem to make intel¬ 
ligent division possible, this method is obviously impracticable. There 
is always some work of this type, and usually both methoas of attack are 
used to advantage. It is especially practical to subdivide the problem 
for the purpose of training new men. However, where the research staff 
is of a high order the treatment of a whole problem by one man is best 
for morale and results. The director of research must be a specialist in 
at least one field, and in addition his knowledge must be wide enough to 
permit full understanding of all developments. He also must be cogni¬ 
zant of manufacturing, engineering design, and sales problems. He 
must be acquainted with the possibilities and legal significance of pat¬ 
ents. He must be a man of unusual foresight and vision, capable of 
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seeing final sales possibilities in embryonic ideas, and he must be able 
to sell these ideas to the executives of the company. Finally, he must 
be a man of great tact and leadership in order to handle the exceedingly 
complex personnel problems which are sure to arise among a group of 
very original and brilliant men. 



CHAPTER 3 


INDUSTRIAL PROGRESS 

The Historical Background. —It has been said that a knowledge of 
historical backgrounds is essential to the proper interpretation of pres¬ 
ent problems. Certainly a better understanding of industrial history is 
valuable to the business executive, for it furnishes him with information 
regarding changing conditions and trends that will influence his think¬ 
ing in the formulation of policies. While the stitement that history 
repeats itself is never fulfilled in total, it is true that many modern 
practices and developments are merely adaptations of customs which 
were prevalent years before. Growth is accomplished by slow changes 
rather than by drastic upheavals. This is shown by a study of American 
manufacturing as it progressed from the early domestic period through 
the handicraft and home industry stages until a true factory system was 
developed. Although the United States, because of its late start, did 
not show these stages clearly, they are, nevertheless, included in the 
rapid industrial development of this country. Today this nation is the 
leading manufacturing country in the world, and this situation is 
the cause of the high standard of living attained by its population. 

The Evolutionary Development of Industry. —United States indus¬ 
try in the beginning was essentially European domestic manufacture 
transferred to a new location. The country was new and primitive, the 
people poor and with simple needs. Numerous handicrafts that evi¬ 
denced the varied industrial activity of the colonies developed into fac¬ 
tory enterprises. The cabinet maker became a furniture manufacturer; 
the blacksmith, a proprietor of a machine shop or of an iron works. 

An impetus was given to manufacturing by the scarcity of goods dur¬ 
ing the Revolutionary War period and the War of 1812. The English 
later endeavored to check this movement by flooding the market with 
cheap goods of all kinds, but their efforts to maintain control of the 
industrial field failed, largely because of the rapid expansion and growth 
of the country. The scarcity of money forced the colonists to produce 
for their own needs to the fullest extent possible, in order that the 
small supply of money available might go to bring in needed imports. 

The wants of the times were largely for things used in everyday liv- 
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ing in a pioneer environment. These included textiles from wool and 
cotton, furniture, household supplies, and leather goods. Iron works 
established in Virginia and other colonies provided a material used gen¬ 
erally for many products. Lumber and furs were shipped to England, 
and ship building became the first important industry. There is still 
much similarity in the fundamentals of manufacturing today as compared 
with the Colonial period. Many products are the same in kind, but 
with changes and improvements in many characteristics, as in clothing 
and ships. But buggies and wagons have given w’ay largely to auto¬ 
mobiles and trucks. The techniques employed in making goods have 
changed enormously, and the possibilities inherent in mass production 
have introduced a new standard in living. 

Needs of Industry. —The basic needs of industry remain about the 
same as they always have been; namely, a place and shelter, tools with 
which to work, fuel, water, power. Differences today are in the nature 
of these essentials. The crossroads blacksmith shod horses, sharpened 
plows, made simple tools, and repaired farm equipment. The building 
of wagons, later buggies, was an outgrowth of this simple work situa¬ 
tion. Accomplishment depended almost entirely upon what a man could 
do with hand tools, and his own knowledge and ability. Later came the 
use of machines and equipment obtained elsewhere which enabled him 
to do things he could not otherwise do, and which also increased his 
productiveness. This evolutionary process in ways and means of accom¬ 
plishment has continued until w^e have today the modern manufacturing 
plant. ‘‘Only now it means that you select a site, spread a concrete floor, 
raise a frame of structural steel a quarter of a mile long, drape it with 
a curtain of brick and glass, bring in a railroad, then power and water 
lines, and after all of that, which is the least of it, come the machine 
tools, for which you will need an organization of engineers, technicians, 
skilled mechanics and semiskilled tool operators.” ^ 

Labor in Industry. —From the foregoing it will be appreciated that 
the early wagon maker was also an industrialist, and this was typical 
of much enterprise of early days. The making of articles involved almost 
all there was to know about the business; and other phases including 
buying, selling, and finance were simple and learned by observation and 
first-hand contacts. Those artisans with ambition and an aptitude for 
business could easily advance themselves. The present-day gulf between 
mechanic and enterpriser is much greater, and not easily bridged. 

^ “Tanks From a Cornfield,^’ by Caret Garrett, The Saturday Evening Post, Vol. 213, 
No. 48. .V , 
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However, the way is not closed, and there are other avenues which 
contribute to gains in living. 

Labor in the United States has always been expensive and, until 
recent years, scarce. We have had experience with forms of involuntary 
servitude as slavery and indentured labor. Communistic ideas have 
been tried out. These systems of organization failed to develop the 
enthusiasm and resourcefulness in individuals needed in a progressing 
economy, and gave way to the wage system of free enterprise. The 
cost involved in high wages has always been an incentive to the develop¬ 
ment and use of machines and techniques which would produce more. 
Formerly the opportunities afforded in farming and small enterprises 
attracted industrial workers and set the standard of wage levels. In more 
recent years the tide has turned and there is now need for industry to 
absorb large numbers of workers reared on farms. This is because 
machinery and equipment supplied by industry enable the farm family 
to carry on without outside help, or with only temporary assistance. The 
high wages paid in industry have attracted rural workers and at the 
same time raised wage levels in agriculture. This in turn has favored 
the use of more labor-saving machinery on the farms. 

The unionization of workers in the manufacturing industries was not 
general until after the turn in the economic depression of 1929. This is 
indicative to a considerable extent of the favorable position enjoyed by 
these workers as to wages, opportunities for advancement, and freedom 
to engage in some form of enterprise on their own account if dissatis¬ 
fied. Following 1933 the organization of labor was aided by favorable 
legislation, and labor leaders were successful in greatly increasing the 
strength and scope of unions. The billions of spending for war produc¬ 
tion gave a further impetus to the movement. Notwithstanding the 
fact tliat many workers were indifferent or hostile to unions, they were 
carried along with the tide. Agreement between the Ford Motor Com¬ 
pany and the C.I.O.’s United Automobile Workers union, which was 
signed in 1941, ended a four-year campaign against this company, the 
last of the large nonunion firms in the automobile industry. 

The employment of children in the manufacturing industries has been 
largely discontinued, partly because of legislation in this direction, but 
more directly because of changes in the work situation, which make 
the employment of mature workers more advantageous. Women work¬ 
ers increased in industry during the First World War period, but their 
number decreased later when men were available and as jobs became 
more scarce during the depression years. The evolutionary development 
of machines and achievements in the field of work simplification now 
make it possible for women to perform a large share of the work previ- 
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ously done by men in manufacturing. Whenever there is a shortage of 
male labor, as under war conditions, an influx of women into industry 
occurs. 

Skill and Training in Industry. —The crossroads wagon maker of a 
generation ago was a woodworker, blacksmith, and painter combined. 
He made a product in its entirety. The growth of industries brought 
about specialization of effort so that workers devoted themselves to 
one craft and thereby became more highly skilled and productive. The 
apprenticeship system prevailed and beginners customarily served four 
years learning a trade and becoming skilled craftsmen. Knowledge of a 
trade was passed from master workman to apprentice and absorbed as 
a part of the learning process. Few workmen had more than the rudi¬ 
ments of school training, yet out of this picture came many of the 
business men of the past generation. 

Manufacturing has become a highly technical and complicated proc¬ 
ess in most lines, often calling for precision of a high order, or quality 
characteristics of a degree and character unknown a few years ago. 
To a remarkable extent production aids have been incorporated into 
machines and workplaces, jobs subdivided, and tasks simplified, so 
that the rank and file of workers may be quickly trained and become fully 
proficient in a few weeks or months. This makes for mobility of work¬ 
ers between industries. Surveys show that in general less than 10% of 
workers are highly skilled, from 70% to 90% semi-skilled, and the 
balance unskilled. Periods of training for skilled workers vary from 
two and one-half to four years, depending upon the amount of high 
school training received; while semi-skilled workers qualify in from a 
few weeks to two years. As workers learn one task they may be 
upgraded by transfer to more difficult work and thus gradually become 
experienced and capable in performing a variety of tasks. 

Transportation. —The evolutionary development of means of trans¬ 
portation has been an important element in the growth and spread of 
industry. Access to raw materials on the one hand and markets on 
the other is a prime consideration. Primitive wagon roads localized 
industry, while waterways gave it a wide range. The railroads opened 
a vast hinterland to agricultural development and thus created indus¬ 
trial markets. The network of concrete highways and farm-to-market 
roads built by state programs has recently been improved and expanded 
by federal contributions. Improvements of our inland waterways have 
also taken place year by year. Airplane transportation is playing an 
increasingly important part in the movement of express and freight. 
Its rapid service also assists executives in reaching branch plants readily 
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and thus facilitates managerial control. The combined effect of improved 
transportation facilities, better techniques of manufacture, general acces¬ 
sibility of electric power, the spread of markets, and other factors has 
been to decentralize industry. An increasing number of manufacturing 
plants depend in part or entirely upon truck transportation, which has 
a practical range of several hundred miles, and sometimes more than a 
thousand miles. 

Management Techniques.—village blacksmith and wagon shop 
had little need for techniques of management. The owner, possibly 
assisted by one or a few men, carried on the blacksmithing, wood¬ 
working, and painting operations called for. Each workman, assigned 
his task, depended upon his previous training, skill, and experience for 
competency in doing his work. The owner and boss was at hand to 
provide the needed direction and coordination of work activities. In 
contrast, the larger, modern manufacturing plant is a complex estab¬ 
lishment. Management must provide special arrangements to control 
costs, care for employment and personnel needs, plan layouts and equip¬ 
ment requirements, control quality, schedule production, care for pur¬ 
chasing, inventories, and many other continuing problems. Most of these 
activities merit the attention of specialists, and often necessitate exten¬ 
sive technical training. 

Capital and Credit.—The humble blacksmith and wagon shop con¬ 
trasts greatly with present-day automobile plants. Emphasis in the 
past was upon ability of persons to make things, with less dependence 
upon the character of the workplace and the mechanical facilities pro¬ 
vided. The transition to manufacturing plants involving large propor¬ 
tionate expenditures for facilities has been gradual. It now requires an 
investment of from $6,000 to $20,000 to provide each worker with an 
opportunity to work. The problems of capital and credit have thus 
become increasingly important. 

The small business man who engages in manufacturing depends for 
capital upon his own resources and upon friends, acquaintances, and 
associates who have faith in his enterprise. He may augment the capital 
accumulated from these sources in several ways, but it is necessary to 
consider the financial risks involved. Mortgages on land, buildings, and 
other fixed assets are a common form of obligation used to obtain money 
loans. Raw materials and other purchases may be upon credit terms. 
Equipment may likewise be purchased subject to deferred or install¬ 
ment payments. If products are not sold for cash, customer accounts 
may be pledged for loans, or sold outright. Local banks assist with loans 
for 60 or 90 days, which may be subject to renewal. The function of 
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banks is to provide working capital needed for relatively brief periods, 
not to provide funds needed continually in the business. 

Banking facilities are now available in almost all localities. Local or 
big city bankers will be guided in extending credit to enterprisers by 
the assets of the company, its ratio of liquid assets to liabilities, its past 
record and probable future as judged by orders it may have or its budget 
program for the ensuing year. Of influence also in determining the 
amount of a line of credit is the judgment of the banker as to the char¬ 
acter and ability of the company’s executive personnel. As firms become 
larger, have records of successful management and earnings, and become 
known to the investing public, funds may be secured by stock, bond, and 
note issues which will be purchased by investors over a wide area. 

Spread of Industry.—Conflicting forces are at work influencing the 
location of industry. The tremendous demands made upon American 
industry for the production of all kinds of goods to forward the war 
program brought about a great expansion of existing plants in metro¬ 
politan and other highly industrialized areas. The need to utilize man¬ 
agement talent in these plants and areas was almost imperative. 
Considerable difficulty was encountered in placing government orders 
or sub-contracts with smaller companies due to lack of facilities, inex¬ 
perience of management, or reluctance of management to undertake 
new and different kinds of work under the conditions which prevailed. 
Difficulties were experienced with quality standards, labor, and govern¬ 
mental controls. On the other hand, social and economic forces have 
been at work for several years tending to influence the spread of industry 
to semi-rural and rural locations. When such locations are economically 
feasible they contribute toward a better balance of our agricultural and 
industrial economy by enabling workers to depend partially upon gar¬ 
dens, poultry, and fruit of their own raising. With this arrangement 
the hazards of less industrial employment or unemployment are mini¬ 
mized. Many workers now use automobiles and travel several miles to 
work over all-weather roads, thus making it possible for them to live 
at some distance from their work. 

Another factor influencing the spread of industry is the unhappy 
plight in which some communities find themselves due to exhaustion of 
natural resources or changes in the demands for products. The copper 
mining area in northern Michigan provides an example of partial exhaus¬ 
tion of a natural resource, and costs of production are now too high for 
normal market prices. The cut-over forest regions in the Lake states 
are another instance of depleted resources. In these and other cases 
resident populations must look to other industries for a livelihood, and 
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it becomes the task of state and national agencies to assist in establish¬ 
ing manufacturing enterprises most likely to succeed. The ultimate 
object of economic development is the good of the people, and this serves 
as a guide in community developments. The coordination of area and 
regional plans in a national system is receiving attention through the 
agency of the National Resources Planning Board in Washington, 
D. C. 

Small Plants. —Indications of the spread of industry suggest tha) 
small plants may again operate successfully. This is proving to be true. 
The advancement in manufacturing techniques, improved machinery, 
widespread availability of power, ease and economy of transportation, 
and the availability of labor make small plants a possibility. Management 
talent is also now generally available, which was not the case in past 
years when college graduates and experienced executives gravitated to 
the large companies in the cities. 

It is estimated that 45% of the wage earners in manufacturing indus¬ 
tries are employed by companies with 250 workers or less. These 
companies also produce about 45% of the j^roducts measured in dollar 
value. A survey by the Illinois Manufacturers’ Association in the Chi¬ 
cago district showed that nearly 70% of manufacturing firms employed 
fewer than 50 persons; that nearly 82% employed fewer than 100 per¬ 
sons ; 9%, from 101 to 250 persons; 5%, from 251 to 500 persons; 2.5%, 
from 501 to 1,000 persons; and less than 2% over 1,000 persons. 

Progressive management and the benefits of research are available 
to small companies through trade associations and other agencies. The 
American Institute of I.aundering maintains an establishment at Joliet, 
Illinois, which provides its membership with all the latest and best ideas 
applicable to the laundry business. A school is operated in conjunction 
with a large laundry which trains men in laundry operation and manage¬ 
ment. Research is carried on, equipment tested, costs determined, and 
other problems analyzed. The benefits of all this accrue to the member¬ 
ship made up of individual laundry proprietors throughout the country. 
The bakery industry has a somewhat similar central organization which 
makes studies and analyses of problems in the baking industry, and 
makes availal)le to its members not only printed literature on various 
subjects, but experts in layout, equipment, and other phases of bakery 
operation. Annual conventions assist in the educational work. Small 
firms in allied lines may establish a common manufacturing plant, but 
maintain separate organizations otherwise, as for sales, engineering, and 
the like. There is likelihood of more small plants in the decade to come 
rather than less. 
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Industrial Problems. —Elements in the manufacturing situation of 
today which provoke serious thought are: (1) high wages, (2) rising 
material costs, (3) necessity for low prices, (4) more rigid quality 
standards, (5) greater competition both at home and abroad, (6) pos¬ 
sibility of lower tariffs, (7) increased taxation, (8) political and gov¬ 
ernment interference in business, (9) labor difficulties, and (10) rapidly 
changing developments in both raw materials and processes. 

The cost of raw materials will probably increase, considering that 
the cream of our natural resources has been utilized, and that mines, 
fields, and forests have been in part depleted with the pressure of an 
increasing population. The American standard of living and high wage 
levels are also firmly established. The latter contribute to purchasing 
power for the rank and file of the workers, and provide much of the 
demand for goods and commodities upon which manufacturers depend. 
But the greatest good to the greatest number will accrue to consumers 
through lower prices, which serve to distribute the gains effected through 
better management and technological progress. Higher wages, while 
desirable and needed in many lines, benefit only a part of the popula¬ 
tion group. If inequitable, they disarrange the balance of purchasing 
power among those engaged in agriculture, the service industries, the 
professions, and elsewhere. Lower prices benefit all consumers—^the 
total population. 

Formerly, in periods of economic stress the practice was to cut wages 
and force raw material prices lower. This was thought to be the only 
means by which profits could be retained when reduced prices became 
necessary. Modern management knows there is a better way to secure 
the desired result. To do this successfully, however, calls for more 
effective management, greater productive effort, and technological 
advances. This means the more economical use of materials, new mate¬ 
rials, better equipment, greater individual productivity, improved meth¬ 
ods, better factory layout, more intelligent and skilled workers, the 
energetic cooperation of the worker in management, research, investi¬ 
gation, and technological progress; and attention to those neglected but 
cost-influencing factors—air conditioning, sanitation, lighting, pleasant 
workplaces, and the health and contentment of the worker. 

The problem of successful industrial administration is complicated 
by the international aspects of trade. Not only are raw materials in 
part products of foreign areas, but international marketing of finished 
goods is well established. Thus conditions in one country affect indus¬ 
tries in others and interruptions in this flow may disrupt trade at some 
far distant point in unrelated lines. At a time when the Russians could 
not afford tea, the growers in India were affected, and likewise the 
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cotton textile manufacturers in Manchester, England, cotton growers in 
the United States and elsewhere, and the jobbing industry along the 
Ohio River. At a time when government influence is tending strongly 
to increase agricultural and manufacturing costs in this country, auto¬ 
cratic control in other countries is seeking to make them largely or 
entirely self-sufficient, and to win markets elsewhere. In this way 
outlets for a considerable part of our agricultural production have been 
cut off, notably cotton, lard, and wheat, and farm products of other 
countries are being marketed to an increasing extent in the United 
States. Japan fostered manufacturing in many lines, including tex¬ 
tiles, electrical goods, novelties, and toys. Her exports were not only 
winning markets formerly enjoyed by English, American, and other 
manufacturers, but an increasing volume of these goods was finding its 
way into the liome markets of competing countries. Low wages, long 
hours, and low standards of living of the workers, combined with the 
use of modern industrial equipment, were important factors contributing 
to low costs. Notwithstanding the adverse picture presented from the 
American point of view, it represented progress and held promise of 
further opportunities for Japanese workers, until war completely dis¬ 
rupted the national economy. 

Progress Made in Reduction of Costs. —Management is meeting the 
test. National programs for the elimination of waste and simplification 
of products have saved millions, and under the urge of necessity indi¬ 
vidual manufacturers are cutting costs in every phase of business. 
During a period covering nine months, the Buick Motor Company 
reported a saving of $3,500,000 as a result of an intensive study of labor, 
materials, and scrap. With 5,000 fewer men more cars were produced 
per day. Some time later Buick spent $15,000,000 in revamping its 
plant, with low cost, quality production the objective. Again, “In one 
department, for example, half the workers are producing twice the 
volume of a year ago. Yet, because of the greater volume of business 
made possible by the enhanced value of the product, total number of 
workers on the payroll has been greatly increased. A year ago there 
were 4,700; today theie are over 14,000. Buick’s modernization pro¬ 
gram was a mass attack from all angles. These are some of the chan¬ 
nels through which the objectives are being attained: 

1. Purchase of new equipment to cut costs, to improve quality. 

2. Rebuilding and retooling of existing machines. 

3. Rearrangement of existing machines and conveyors. 

4. Reduction of number of machines. 
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5. Smoother flow of materials and parts in process. 

6. Reduction of waste. 

7. Increase in volume (as related to costs). 

“Simplification of product is another main channel of approach to 
cost reduction in the manufacturing departments.” ^ In the automobile 
industry wages, in a period of eight years, increased 14.6%, cost of 
steel, 13.4%, and prices declined about 15%. 

Another company cut its power bill in half; still another saved 
$125,000 by consolidating two plants, scrapping the obsolete machinery, 
and rearranging the rest for more economical processing. In the steel 
industry in 1929, 458,000 workmen were employed at an average rate 
of 65.4^ per hour in producing 175,000 tons daily. In 1936, employ¬ 
ment was given to 476,000 men at 73^ per hour, producing 146,000 
tons daily. By 1939, the average wage had increased to 84.2^ per hour, 
and 483,000 workmen were employed—5% more than in 1929. In com¬ 
parison, the earnings of English steel workers were 343^^ per hour; 
German, 29^; Belgian, 16 ^; and Japanese, 8^. A small packing com¬ 
pany reorganized its production facilities and was enabled to pay more 
to the farmers, and to increase wages. Other ways and means utilized 
to effect economies include air conditioning to control quality and main¬ 
tain production levels, added shifts or continuous operation of plants to 
spread overhead costs, and in the case of textiles, to improve quality, 
and motion and time analyses of operations. Increased administrative 
and technical efficiency has made these accomplishments possible. 

During and following the First World War workers manifested an 
interest in management and a desire to be represented and have a voice 
in matters affecting their interests. This was achieved through trade 
unions, works councils, company unions, shop committees, and other 
forms of worker representation. Many of these agencies successfully 
served the interests of all concerned. In more recent years nationally 
organized labor unions have tended to dominate the field. National legis¬ 
lation and a friendly administration at Washington have furthered the 
establishment and growth of such unions in important industries. There 
has been difference of opinion as to the wisdom of establishing such a 
powerful, centralized control of labor, but this is a problem for which 
time alone can give the answer. 

In the field of marketing, the last decade has witnessed remark¬ 
able progress. The principles of psychology have been applied in adver¬ 
tising, standards of truth have become more firmly implanted, and 

* “Buick’s $15,000,000 Bid,” by Harlow H. Curtice, President, Buick Motor Com¬ 
pany, Factory Management and Maintenance, Vol. 93, No. 12, p. 498. 
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scientific market analyses have been the basis for finding the most 
profitable territories and methods of marketing. Much progress is being 
made toward effecting economies in distribution. 

Government Regulation and Participation in Business. —An in¬ 
creased social consciousness has made itself manifest in both political 
and industrial circles. The beginning of this movement can probably 
be traced back to 1890 with the passage of the Sherman Anti-Trust 
Act. At that time the public became alarmed over the power acquired 
by certain large industrial firms, with the result that legislation was 
enacted with the purpose of curtailing monopolistic consolidations. The 
fight was waged bitterly without a great deal of success, for corpora¬ 
tions continued to grow in size and influence. Nevertheless, a step had 
been taken, and the idea that industry should be conducted for the 
benefit of the entire social structure steadily gained ground. 

Within more recent years a great impetus was given to this thought, 
with the national government leading the way. Much legislation was 
passed dealing with the organization, financing, and conduct of business 
enterprises. Labor’s right to organize and deal collectively with manage¬ 
ment was stated, and minimum wages and maximum hours of work per 
week set. Child labor was prohibited. In certain cases, notably in the 
production of electrical current and materials needed for war, the gov¬ 
ernment established publicly owned plants. Restrictions in the use of 
essential raw materials and the manufacture of certain “luxury” articles 
were made effective as a means of stimulating the production of war 
materials. Priorities were established and selling prices controlled. 

All of these acts indicate a greater participation of government in 
business affairs. For the industrial manager they mean that his respon¬ 
sibility is greatly increased and his importance in society enhanced. A 
definite trend has been established away from the individual profit 
motive toward greater service to humanity. Many of our industrial 
leaders have recognized and followed this ideal in the past, but their 
example was not sufficient in itself to cause universal acceptance. Indi¬ 
vidual initiative is a priceless possession that should not be destroyed, 
but when a conflict arises between the individual’s interest and the 
welfare of the group, the larger force should prevail. It is the task of 
industrial management to keep this goal in view, while at the same 
time the benefits derived from an individualistic system are retained. 


Conclusion. —Not all industry is in the vanguard of progress, but 
the way has been shown, and lagging organizations pay the penalty of 
their lack of foresight. The life of the average industrial concern, the 
concern that neglects to improve its methods, lasts but from five to seven 
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years. It is true that our experience with industry as now organized 
and with the problems of the present day is of relatively short duration. 
Nevertheless, the historical perspective of the past provides a basis for 
attacking the problems of the future, and the mistakes of the past need 
not be duplicated. New standards are constantly being formulated 
which serve as a check to retrogression and a spur to further achieve¬ 
ment. The science of management is new but growing, and skill in 
the art of applying the knowledge gained is increasing. The possibilities 
of the future, perhaps infinite, can only be conjectured. 

The road beyond necessarily leads out of the present, and as a prep¬ 
aration for industrial leadership, a thorough knowledge of past practices 
and an intelligent attitude toward existing thought are of prime impor¬ 
tance. Individual experience, taken by itself, is both a costly and an 
insufficient teacher. General principles must rest upon a wide range of 
experience. Organized knowledge comes only with a systematic sum¬ 
mary of what experience lias taught thousands. Study of general prin¬ 
ciples and accepted practices, available through formal education and 
books, develops a point of view which is both broad and social in basis, 
and definitely individual in its application. For constructive thinking 
in the field of industry and breadth of judgment in handling affairs, 
such knowledge and understanding are essential. The aim of the suc¬ 
ceeding chapters is to supply this understanding. 



CHAPTER 4 


SCIENTIFIC MANAGEMENT 

The Mechanical Age. —The industrial revolution which began in 
England some time during the last half of the 18th century is generally 
looked upon as ushering in the first great change that occurred in the 
art of manufacturing. Most of the inventions of the period centered in 
the textile industry. The most far-reaching development, however, was 
the substitution of mechanical power for that of human beings. This 
was accomplished by James Watt’s improvement of the steam engine, 
which received its first industrial application in 1785. The new mechani¬ 
cal age, inaugurated by steam, freed the mass of the population from 
being mere muscular sources of power. From that time on men were 
to be employed more and more as directing agents for mechanical instru¬ 
ments. A premium was placed on knowledge and intelligence, and edu¬ 
cation of the workers became desirable. Large aggregations of capital 
in the form of factories became common, and new modes of transporta¬ 
tion by rail and water became possible. 

Steam, however, was only the first phase of the great mechanical 
revolution. Not as much attention has been given to the later develop¬ 
ments, but they are equally important. These were the application of 
electrical energy to power, light, and traction and the invention of the 
internal combustion engine which made the automobile and the airplane 
possible. The use of electricity as a power source made practical the 
transmission of energy over long distances and in enormous quantities. 
The internal combustion engine, gasoline and Diesel, has been employed 
mostly in extending transportation, although it is used to some extent 
as a direct source of power. Both of these developments belong to the 
period following 1875, and although they cannot be credited to any one 
country, they have had their greatest application in the United States. 

America’s Contribution. —Starting about 1875 several important 
changes took place in the American industrial scheme. It was at this 
time that the United States began to emerge as the leading manufactur¬ 
ing nation. By the end of the next 50 years the American system of 
industrial management and mass production was firmly established and 
was being spread to and copied by other countries. The changes referred 
to may be grouped under these heads: ( 1 ) financial, ( 2 ) technical, and 
(3) managerial. 
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Financial Structure. —The most prominent feature of the industrial 
picture during this time was the growth of the corporate form of organ¬ 
ization and the increase in size of our business enterprises. In some 
fields natural resources and monopoly privileges of almost limitless 
value were acquired by bold and far-seeing individuals, while in other 
fields control was obtained by means of patent rights and exclusive 
knowledge of new processes. Large fortunes were accumulated by many 
persons, but on the whole these were relatively few. The names of 
Morgan, Carnegie, Rockefeller, and Ford come readily to mind. Owner¬ 
ship was pyramided by means of trusts and later the holding companies. 
Big businesses, with large financial interests and resources, were the 
order of the day. It was an individualistic period with only a vaguely 
realized social consciousness. The true administrative method of exer¬ 
cising control and achieving results by subordination of authority and 
the direction of others developed slowly. 

Technical Improvements.— Besides the great use made of electrical 
power and the employment of the internal combustion engine in the 
movement of people and products, American ingenuity also turned to 
other fields. New machine tools of all types were invented or old ones 
greatly improved. Old hand-operated machines were made automatic. 
Many new industries were developed, especially those relating to elec¬ 
tricity, automobiles, motion pictures and airplanes. The steel industry 
made particularly rapid strides at the beginning of the period, followed 
by petroleum, and after the First World War by the chemical industry. 
Handling equipment and transporting devices within the plants were 
greatly improved and put to more general use. The standardization of 
products and parts led to the technique of mass production which became 
the control theme of numerous industries. Eli Whitney liad indicated 
the way years before, but it was left to the automobile manufacturers, 
and to the Ford Motor Company in particular, to demonstrate the pos¬ 
sibilities of this method of production. 

Management Methods. —The old type of manager was autocratic, 
forceful, and usually self-trained. Leaders carried the full load of 
responsibilities, and enterprises were but the lengthened shadows of indi¬ 
vidual abilities and personalities. Practical men, experienced in actual 
operations, they groped oftentimes unsuccessfully for the underlying 
principles of successful business administration, depending for success 
upon the driving force of dynamic personalities coupled with monopoly 
advantage or unusual profit opportunities. With the growth of industry, 
the spread of markets made possible by better transportation facilities, 
and the increasing complexity of production, the heed for better trained 
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men became apparent. The writings and lectures of Charles Darwin and 
Thomas Huxley in biology and of Herbert Spencer in philosophy prO' 
foundly affected the thinking of the people in the United States about 
this time (1875-1900). Men began to realize that old ideas and prac¬ 
tices were not always the best. They began to seek for basic principles 
instead of being content with surface appearances. The scientific 
approach of investigation, analysis, and experimentation was applied 
to human activities as well as to biological and physical facts. Although 
a few men in other countries saw the possibilities of applying the scien¬ 
tific approach to industry, it was the work of certain leaders in the 
United States, just then emerging into industrial prominence, that 
raised management to the position of a profession by use of the scientific 
method. 


Scientific Method Now Held Indispensable. —In early plants the 
technique of manufacturing, the actual application of skill and effort in 
the conversion of materials, was the important thing. Supervision of 
operations was incidental and accomplished by the giving of verbal 
instructions. In present-day plants, except in some small shops, the 
effective direction of men, control of materials in work, and the success¬ 
ful coordination and operation of the many departments call for special¬ 
ists in operation and management, quite irrespective of the need for 
experts in the technique of manufacture. This necessity is a natural 
consequence of increase in size of factories, complexity of processes, 
specialization of labor, and diversity and volume of products manu¬ 
factured. 

Early Work in Scientific Management—Henry R. Towne. —The 

added importance of the management function was first given definite 
expression in the address of Henry R. Towne, delivered in 1886. He 
emphasized the importance of “questions of organization, responsibility, 
reports, systems of contract and piecework, and all that related to the 
executive management of works, mills, and factories, . . . time and 
wage systems, determination of costs, whether by piece or day work, 
the distribution of the various expense accounts, the ascertainment of 
profits, methods of bookkeeping, and all that enters into the system of 
accounts which relates to the manufacturing departments of a business, 
and to the determination and record of its results.'’ ^ Towne stressed 
also the function of forms and blanks as a means to expedite produc¬ 
tion and facilitate control. In short, he gave particular attention to the 

^ “The Engineer as an Economist," by Henry R. Towne, president of Yale and 
Towne Manufacturing Company, Transactions of the American Society of Mechanical 
Engineers, Vol. 7, p. 429. 
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nontechnical or business side of production operations, the lack of 
which was creating severe economic growing pains in industry during 
its rapid transition from youth to maturity. Although during the years 
which followed, interest in these ideas was to become general, one man 
in particular, through his superlative powers of analysis, reasoning, 
persistence, and initiative in execution was to create, almost unaided, 
an enduring science of management. Frederick W. Taylor laid the 
foundation and reared the structure of present-day management, leav¬ 
ing for those who followed the task of development. The application of 
principles to specific situations is by no means an easy matter. The 
work of the industrial manager is comparable with that of the architect, 
in that every problem calls for originality of expression. Perfection of 
achievement is as difficult for the manager as for the architect. 

Frederick W. Taylor.—Frederick W. Taylor was born in German¬ 
town, a suburb of Philadelphia, of cultured parents having some means. 
As a youth he spent three years in travel and study in Europe. Return¬ 
ing to the United States, he prepared for Harvard with the idea of 
ultimately following his father’s profession of law. Hard study, however, 
injured his eyes, and this seeming misfortune changed the whole current 
of his life. Instead of entering Harvard, he went to work in a machine 
shop and learned the trades of pattern-maker and machinist. The work 
evidently proved absorl)ing, for although his eyesight was restored, he 
presently went to tlie larger plant of the Midvale Steel Works of Phila¬ 
delphia (1878). Because of the dull times he began to work as a laborer, 
but progressed rapidly as a time clerk, lathe hand, gang boss, shop 
foreman, and ultimately to the position of chief engineer, all within six 
years. At the same time, by study at night, he qualified for and received 
the degree of Mechanical Engineer at Stevens Institute. His versatility 
of interest is indicated by his participation in amateur theatricals and 
athletics—he was a champion tennis player—his success as a mechani¬ 
cal engineer, in experimental research, and as an executive. He early 
achieved a passion for perfection, for finding the one best way, for per¬ 
sistence and thoroughness in all his work and play. 

Taylor’s “Duties of Management.”—At Midvale, between 1880 and 
1890, Taylor developed the principles of the science of management, 
which were to influence industry throughout the world. As a workman, 
he realized that his fellows were “soldiering” - on the job. As a fore¬ 
man, he considered it his duty to break up the practice, carried on at 
first with the motive merely of protecting favorable piece rates. Manage- 


^ Loafing. 
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ment’s difficulty was that, as no way of measuring a day’s work was' 
known, no effective incentive could be offered for accomplishment. 
Taylor perceived that if piece rates were based, not on actual per¬ 
formances in the shop, but on the facts as revealed by a careful investi¬ 
gation, then management could fairly ask for and reward definite 
performance. The motive for “soldiering” would then be destroyed. 
Under the existing regime management lacked control, and it became the 
object of Taylor’s endeavors to gather the information and formulate 
principles of oj)eration which would enable management really to man¬ 
age. He had no narrow conception of his task. While increased produc¬ 
tion was his primary object, he realized full well and was concerned 
with the possibilities for bettering the worker’s status, increasing his 
wages, decreasing prices, and providing employers and employees with 
a common aim and common interests. His ideas finally took shape in 
four fundamental principles which he termed duties of management, as 
follows: ^ 

P'irst: The development of a science for each element of a man’s 
work, to replace tlie old rule-of-thumb method. 

Second: The selection of the best worker for each particular task, 
and then the effort to train, teach, and develop the worker, in 
place of the former practice of allowing the worker to select his 
own task and train liimself as best he could. 

Third: The bringing of the science to the worker, and cooperating 
with him, to the end that all work might be done in accordance 
with the principles of the science which has been developed. 

Fourth: The assumption by management of the responsibility for 
the foregoing, and for planning the work. 

In the first principle Taylor had in mind that the worker was lim¬ 
ited to a narrow range of experience, teaching, and observation, and 
that consequently the usual way of doing a task was seldom the best 
way. He believed that management, with its facilities, could gather 
traditional craft knowledge over a wide range, and by further analysis, 
research, and experiment evolve the one best way of doing each job. 
The modern personnel department performs the duty outlined in his 
second principle. Taylor utilized the “instruction card” to take the sci¬ 
ence to the worker, and developed the plan of functional foremen, each 
skilled in a phase of the task, to aid him, when necessary, in doing the 
work successfully in the manner prescribed. Taylor believed that these 
duties and the planning of the work in the shop should be the functions 

^ Frederick W. Taylor, by Frank Barker Copley, Vol. 1. pp. 14-17- 
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of management, since management alone is possessed of the necessary 
facilities, finances, and abilities. 

Experiments in Effective Management.—One of his first steps was 
to seek to determine what his men could accomplish with the equipment 
and materials provided, an achievement considered impossible, but which 
if successful would enable him to prescribe what they should do. This 
led him to the development of time study. The establishment of definite 
“task times” necessitated standardization of all factors influencing the 
task. This involved study and action with respect to tools, equipment, 
materials, operating conditions, and the like. The extent of work 
involved in this may be appreciated from a later statement of Taylor’s 
to the effect that from two or three months to two years were required 
to prepare a shop for operation under scientific management. 

As he made progress in one direction other steps were suggested, 
and his activities eventually included the full range of managerial activi¬ 
ties. His functional foremanship plan was simply the outgrowth of his 
effort to make his organization more effective. His differential piece¬ 
work plan, devised later, was an effort to reward unusual accomplish¬ 
ment with an unusual wage, and to select the best men for a particular 
task. His ideas as expressed in principles, policies, and procedures, 
although derived from experience in the metal trades industry, proved 
to be of fundamental value in all types of business. These various 
phases of his efforts will be considered more in detail in succeeding 
chapters. 

While at Midvale, it was this spirit of analysis and research that 
caused him to undertake, with Maunsel White, experiments in metal 
cutting which led to the development of a high speed steel of inestimable 
value. The experiments were continued for a quarter of a century, 
consuming 800,000 pounds of metal and entailing a cost of $125,000. 
It was demonstrated that machines could be run at greatly increased 
speeds when tools made of this steel were used. 

Taylor’s Later Activities.—Taylor left Midvale to accept an attrac¬ 
tive offer with a company which he operated with success for three 
years, after which he spent several years as a consultant in manage¬ 
ment. In 1898 he joined the staff of the Bethlehem Steel Company 
where he spent three years in installing and developing his methods and 
continuing his metal cutting experiments. His work here met with 
opposition, however, and in spite of much favorable accomplishment he 
was not successful in winning the active cooperation of the manage¬ 
ment. After his departure with his associates, many of his ideas and 
methods were discarded. 
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Taylor’s career was a stormy one. He was inflexible in his ideas and 
purposes, often lacking in diplomacy and tact. His practices and meth¬ 
ods were revolutionary, and, as he said, required a “complete mental 
revolution” on the part of those in charge to the extent of “recognizing 
as essential the substitution of exact scientific investigation and knowl¬ 
edge expensively obtained for the old individual judgment or opinion 
in all matters relating to the work of the establishment.” As he was so 
far advanced in his philosophy and ideas, it was inevitable that the 
mental inertia of managers should sometimes prove a stumbling block, 
and account for the decay of his systems in some plants when his stimu¬ 
lating personality was removed. The penalty of leadership is too often 
derision, and Taylor suffered this penalty. 

Taylor retired from active practice when only 47 years of age, in 
order to devote his time to writing, lecturing, and promoting the art 
and science of management as he conceived it. His first book. Shop 
Management, appeared in 1903, and was followed in 1911 by The Prin^ 
ciples of Scientific Management, Many honors were accorded him in 
these years. In 1906 he was elected president of the American Society 
of Mechanical Engineers, and it was before this society that he pre¬ 
sented his notable paper on “The Art of Cutting Metals.” His death, 
March 21, 1915, was premature, as he was only 59 years of age. 


Other Leaders in the Work.—Upon Taylor’s retirement in 1901 
from tlie commercial field, a gradually expanding group of followers 
and associates continued to carry the doctrines of good management to 
the industrial public. Prominent names of this period are those of 
Henry I.. Gantt, Harrington Emerson, Carl Barth, Sanford E. Thomp¬ 
son, Lillian M. Gilbreth, and Frank B. Gilbreth. Some of these man¬ 
agement specialists were markedly individual, developing methods and 
systems which differed in detail from Taylor’s, although fundamentally 
similar and with the same aims and objectives. Capable and conscien¬ 
tious, their work was good, although not widely advertised at the time. 
By avoiding Taylor’s mistakes and working independently, they averted 
much hostile criticism which had centered about “Taylorism,” as the 
new practices and procedures inaugurated by Taylor were called. 


Public Interest Aroused.—^Almost overnight the public was aroused 
to an intense interest in scientific management. In 1910 the railroads 
sought marked rate increases and national attention was focused on 
the hearings held before the Interstate Commerce Commission. At one 
point in the proceedings the counsel for the shippers contended that the 
adoption of scientific management by the railroads would save them 
far more money than they would gain by the proposed rate increases. 
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Much testimony by owners and managers of “Taylorized*’ plants was 
introduced to prove the assertion. A number of management experts 
were called upon, and one of these, Harrington Emerson, testified on 
the basis of railroad shop experience, that the railroads could save 
$1,000,000 a day. This phase of the testimony caught the imagina¬ 
tion of the public; and time study, the efficacy of systems, the merit of 
incentive wage schemes, and stories of economies effected became popu¬ 
lar topics of discussion, even with the man in the street. Very quickly 
magazines responded to this interest with explanations and descriptions 
of scientific management in operation. The term “efficiency,"’ popular¬ 
ized by Emerson, became a slogan in business, and scientific manage¬ 
ment was definitely established. 

Era of the “Efficiency Experts.”—^The demand for efficiency experts 
caused an influx of impractical, incompetent, and narrow-gauge men 
into the field as consultants, who nearly wrecked the movement. Many 
of these individuals had been foremen, superintendents, or had perhaps 
assisted in installing systems or operating them. Their experience was 
often as shallow as their vision was limited. Unfortunately, too, employ¬ 
ers were usually concerned solely with immediate profits. They disre¬ 
garded or were ignorant of Taylor’s ideals with respect to labor and 
the general principles back of his work. As a consequence, workers 
were treated simply as adjuncts to machines, and operating and even 
executive procedure fitted into cut-and-dried systems. The attempt was 
made to cover, in weeks, work which should have occupied months. 
These attempts to mechanize plants invariably proved disastrous, for 
the human equation, patience, and thoroughness are always of paramount 
importance. Labor and union organizations were provoked to bitter 
hostility which persists in some quarters even to the present. The futil¬ 
ity of attempting to apply management by means of rubber stamp meth¬ 
ods, or of seeking to benefit one group at the neglect or expense of 
another, was clearly demonstrated at this time. 

A succeeding w^ave of “industrial engineers,” experts in one or 
several phases of management, followed the efficiency men, and almost 
as quickly passed into oblivion. It became increasingly evident that 
management could not be successfully applied from the outside by pre¬ 
scription, or by the inauguration of fixed systems based upon a super¬ 
ficial understanding of plant practice and knowledge of the available 
personnel. The introduction of a stranger who even indirectly tells 
everyone how to do his job will never be a popular mode of increasing 
efficiency. Management must come from within. 
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The Present Situation.—Today management talent is included as an 
inherent part of each factory organization. In large concerns this is 
carried to the extent of having specialists in charge of each function of 
management who are experts in their respective fields. Individuals may 
also be employed, without administrative duties, whose energies are 
given to staff activities for the benefit of line officers. In organizations 
of medium size, staff assistance of this character is usually not so special¬ 
ized in its work as in the larger concerns, and dependence may be placed 
on outside consultants for supplementary service, and for occasional aid 
in connection with the more important and difficult problems. 

Small firms may combine the administrative and staff functions in the 
same individual. In such cases the danger is that the routine work of 
direction will monopolize executive time, and the inspiration which 
comes from study and research will be cut off. For executives in this 
latter group the staff service provided by the consultant in management 
is often invaluable. One of the principal advantages of this suggested 
combination of the inside specialist with the outside consultant is the 
assurance that any procedure inaugurated will be administered compe¬ 
tently later on. Under the old plan even good systems installed by out¬ 
siders failed to function after the departure of those responsible for 
them because their operation passed into unfriendly hands. It must be 
borne in mind always that any system or scheme, though intended for 
a special purpose, must merge with and form an integral part of the 
general production plan. The inside man's perspective aids in fitting 
new ideas effectively to local needs. 

Consulting Service.—The range of consulting service is as broad as 
business itself; but individual firms usually limit their services to fields 
of specialization. Certain firms will analyze the problem of location, 
I)repare layout plans, select equipment, design and supervise the con¬ 
struction of buildings, acting in a professional capacity for the owner on 
a fee basis. These same firms serve existing plants with respect to air 
conditioning, lighting, industrial power, and plant rehabilitation work. 
The more frequently used forms of consulting service have to do with 
operation and deal with such phases of management as motion and time 
analysis, wage payment plans, industrial relations problems, foremanship 
training, layouts, production control, budgeting, and cost determination. 
Other forms of consulting service have to do with appraisals, income 
tax returns, market surveys, and sources of raw materials. Economic 
analyses summarizing benefits expected should accompany technical 
reports and estimates of proposed engineering work. 
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Value of the Consultant in Management.—The consultant in man¬ 
agement is a valuable agent for several reasons. He is usually of excep¬ 
tional ability in his field; the type of man the ordinary concern does not 
require for full time service and could not afford to employ regularly. 
Coming from the outside he brings with him a new viewpoint, is free 
from prejudice, and is not influenced by the opinions of others in the 
organization. He brings to bear on each problem a wealth of ideas and 
information gained from his constant contact with other organizations, 
which is available in no other way. Inexperience of the consultant in a 
particular industry may be an asset rather than a liability. Arrangements, 
methods, and procedures are surveyed with a critical general intelligence 
unhampered by traditional ideas. Consulting service aids in keeping 
organizations from getting into ruts, acts as a stimulant to the manage¬ 
ment, and checks the soundness of internal developments. If an inside 
man is working with the consultant, he is enabled to check the work of 
the consultant and to modify recommendations in the light of a more 
intimate understanding of plant needs and personalities. Through such 
cooperative methods, also, programs of education may precede gradual 
changes, averting the dictatorial procedure and “shakeups"’ so detrimental 
to ])lant morale. Evolution rather than revolution is now the policy in 
management procedure, as it affects the human element. 

Management’s Responsibility. —constantly increasing supply of 
goods and commodities is an important factor in social progress. As a 
consequence, industry represents a center of interest in our national 
economy for all population groups. Suppliers of raw materials are 
interested in the prices paid for their offerings, labor in wages, investors 
in dividends, executives in salaries, distributors in earnings, consumers 
in prices of products, and the public generally in the contribution which 
industry makes to social and economic progress. The task of manage¬ 
ment is to harmonize the interests of all in a common program. 

Conflicting demands made by these various groups impose upon 
management the need to maintain a reasonable balance and equity 
between them. Maladjustments, if extensive, may prove serious. The 
agricultural implement industry provides an example. A disparity 
between the prices which agriculture receives for its products, and the 
prices of the things it buys tends to disrupt our national economy. This 
may come about because of adverse market conditions or when the costs 
incident to production of farm implements bring about inequitable prices. 
In either event sales decline. As a consequence groups engaged in the 
production and distribution of farm implements, and in turn those supply¬ 
ing the physical facilities they use, are not kept busy. An increasing use 
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of modern farm machinery is in the public interest, for it contributes to 
lower costs in the production of foodstuffs and of raw materials for 
industry. Thus it is seen that what is harmful to the interests of any 
one group will prove disadvantageous to all others. 

Management’s responsibility may be summarized as follows: 

^ To see that the public is benefited by low prices. 

2. To see that the workers are paid equitable and adequate wages. 

3. To see that the owners are rewarded with dividends, or payment 

for money invested. 

. 4. To see that the industry is a constructive social force in the 

community. 



CHAPTER 5 


OWNERSHIP IN RELATION TO MANAGEMENT 

Legal Forms of Organization.—The legal form of organization of a 
manufacturing establishment is important to its organizers, investors, 
and to those who deal with it. The legal form of organization largely 
determines the permanency of the business, influences its financing, 
governs the extent of an owner’s or investor’s control, determines what 
share of profits he may receive, and the risk he assumes. Forms of 
organization include (1) the individual proprietorship, (2) the partner¬ 
ship, (3) the joint stock company, (4) the business trust, and (5) the 
corporation. The first two forms are characteristic of small enterprises; 
the corporation, of companies with a capitalization of $10,000 and 
upward. 

The Individual Proprietorship.—^An individual may establish him¬ 
self in business without any formalities. He is unhampered in conducting 
it, and at his own discretion, may vary its nature or discontinue it entirely. 
The profits are his own. He necessarily assumes complete financial 
responsibility for all transactions. With the exception of certain exemp¬ 
tions granted by law, all he owns and possesses may lie claimed by 
creditors in the event of failure. This is true even though but a small 
share of his fortune is actually invested in the business concerned. 
Because of this, the credit which is extended to an individual proprietor¬ 
ship may be very liberal, and is based not so much upon the business, as 
upon the worth of the proprietor. However, as the business grows and 
relatively large amounts of capital are needed, this becomes a handicap 
rather than an advantage. The progress and success of the enterprise 
are almost wholly dependent upon the ability and skill of its owner, and 
it comes to an end at his death. 

The limited capability of one man is a hindrance to growth. Although 
specialists may be employed for different phases of effort, the individual 
proprietorship is essentially a one-man enterprise and usually not as 
effective as an organization of several men mutually interested in the 
success of the undertaking. Capable employees find it relatively easy to 
engage in business on their own account, or if gifted in some specialty, 
find positions of greater responsibility with larger companies. 

6a. 
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The Partnership.—From the standpoint of liability to creditors, the 
partnership is very similar to the individual proprietorship. From the 
standpoint of administration, however, it differs from the individual 
proprietorship in that there is a divergence of administrative responsi¬ 
bility. Each partner is an agent for the partnership as a whole and for 
all members of the partnership. Each partner is liable individually, and 
as a partner, for all debts created by the partnership. However, an equal 
division of opinion among partners, which is known to the outside party 
concerned, precludes action on any proposed business transaction until 
a majority opinion is reached. Partnership arises out of a contract, 
expressed or implied, between individuals, and in the absence of an 
explicit agreement to the contrary, the members share management, 
profits, and losses equally, regardless of the variations in the amount of 
capital invested by each or the time when the capital was put in. This 
arrangement increases credit possibilities, may add financial strength, and 
broadens the scope of effective administration. The considerable cost 
and legal detail incident to organizing and operating as a corporation 
are avoided. 

Department stores are frequently conducted as partnership enter¬ 
prises, even though of considerable size. Management authority and 
responsibility may be divided among the partners as agreed upon, and in 
accordance with their respective talents. Decisions may be made and 
action take place without delay. These characteristics are essential in a 
business which must meet tlie competition of specializing firms, take 
quick advantage of buying opportunities, and dispose of merchandise 
advantageously in a market influenced by style, seasons, weather, pur¬ 
chasing power, and other factors. 

Classes of Partners.—^As regards administration, partners are 
grouped according to their participation in the management. They may 
be (1) general partners, or (2) some form of special partners, as silent, 
secret, dormant, or nominal. As regards liability to creditors the partners 
are classified only as (1) general and (2) limited. 

The term “general partner” has no legal significance, as applied to 
the members of an ordinary partnership. It is used for the purpose of 
distinguishing the members of a limited partnership whose responsibilities 
are not limited. In a limited partnership, the liability of one or more of 
the partners, but not all, is limited to the amount contributed by him to 
the firm’s capital at the time of forming the partnership. Such limited 
partnerships, arising by special contract, exist only when the partners 
and their partnership comply with all of the requirements of the statute 
which gives authority for the creation of such an organization. Under 
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what is known as the '‘Uniform Limited Partnership Act/’ adopted by 
many of the states in the United States, a limited partner has no control 
or management of the business and cannot be an administrative officer. 

Whether a partner is secret, silent, dormant, or nominal is a question 
of degree as to his participation in the management of the firm, and the 
extent to which this is revealed to the public. A secret partner is one 
who is connected with the firm but not announced to the public. A silent 
partner is one who may, by mutual agreement, have no voice in the 
management, although he is equally bound with the other partners as 
regards outside parties. A dormant partner, in his relationship to the 
partnership, has the characteristics both of a silent and a secret partner. 
Such a partner, not liaving been made known to the public, may retire 
without giving notice. The term "nominal partner’' has been applied to 
a person who, though not actually a party to a partnership agreement, 
has permitted partnership liability to be attached to him by conducting 
himself as a partner. This is for the protection of those who may extend 
credit under the induced misapprehension that a certain individual has 
a financial interest in the enterprise. 

Partnership Rights.—In a partnership agreement each partner has 
the right to an equal voice in the management. In ordinary matters 
relating to the conduct of the business, the decision of a majority of the 
partners is controlling. The majority can do nothing, however, that is 
inconsistent with the carrying out of the partnership agreement, that is 
to say, they cannot enter into a new line of business, admit new partners, 
or dispose of partnership assets. 

Each partner owns an undivided interest in all of the partnership 
assets, but he cannot sell, assign, or dispose of any of the partnershij) 
property. The only way in which partnership property may be disposed 
of is by consent of all of the partners. All that a partner owns in a 
partnership asset is the right to have an accounting, in order to determine 
his proportionate share of the money value of the assets of the firm. If a 
partner wishes to transfer partnership property, in any way which is 
outside the scope of the partnership business, he can pass title only subject 
to the equitable right of the remaining partners. 

A partnership may terminate at a specified time provided for by the 
partnership agreement, or, if all the partners are willing, it may terminate 
at any time. Since, however, a partnership is formed by an agreement, 
it is automatically terminated by death, insolvency, insanity, or other 
legal incapacity of one of the partners. 

Because of these facts and also because of the difficulty of collecting 
judgments against the many partners, long-time credits are difficult to 
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obtain. Therefore, a partnership does not offer good inducements for 
large investments of capital. It is, however, a desirable organization for 
business where the capital investment is small and the number of partners 
is not large. Certain benefits may also be secured in matters of taxation 
and government reports required. 

The Joint Stock Company.—^This form of organization resembles the 
corporate form in some respects, and avoids some of the disadvantages 
of the partnership. Ownership is represented by shares of stock in the 
possession of partners; and the shares held by each one determine his 
interest, the extent of his control of the management, and, as between 
partners, the extent of his liability for losses. Each shareholder or partner 
is responsible for the debts of the business, however, regardless of any 
arrangements among its members to the contrary. Unlike a partnership, 
ownership is readily transferable by sale of shares, thus assuring the 
continued life of the company. Management is not carried on by the 
partners, but is exercised by an elected board of directors. Property of 
the company is held in the name of trustees, usually chosen from the 
board of directors. 

As compared with a partnership, the joint stock company form of 
organization has two distinct advantages: namely, continued existence by 
transfer of shares of ownership, and consequent greater ease of securing 
capital. The chief objection is that individual members are liable for the 
debts of the firm. Articles of organization must be filed with state 
authorities, and stock companies are subject to state control. The 
expenses incident to organization are small as compared with corpora¬ 
tions, organization procedure relatively simple, and later requirements as 
to taxes and reports minimized. The company may operate under a 
firm name descriptive of its activities, and may .sue or be sued under 
that name. This form of organization is used in England quite generally, 
but less frequently in this country. Characteristics of joint stock com¬ 
panies here are a closely held, continuing ownership and small hazard, 
the latter due to the nature of the business or the decentralization of risk. 

The Business Trust.—The business trust, or Massachusetts trust, as 
it is sometimes called, consists of a property administered by trustees for 
the benefit of its owners in accordance with the trust agreement. Title 
to the property is vested in the trustees, together with exclusive rights of 
management and control. The owners hold trust certificates as an evi¬ 
dence of ownership, and are known as beneficiaries of the trust. Personal 
liability of beneficiaries is limited to the value of the trust shares held. 

The formation of a trust is simple, economical, and it is not subject 
to organization fees, annual franchise taxes, or laws limiting procedure 
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and requiring burdensome reports, as are corporations. In this way it 
resembles a partnership. The trustees elected must assume full and 
unlimited liability for all transactions entered into. The only exception 
to this rule is when a clause is inserted into contracts which provides 
that liability is limited to the extent of the trust property. It is important 
to note that tlie trustees act as principals and not as agents of the bene¬ 
ficiaries. The latter do not possess power to remove trustees or to 
participate in management. When this occurs, the courts construe the 
organization to be a partnership, and place unlimited liability upon the 
holders of the trust certificates. Trustees are liable to the beneficiaries for 
losses only when guilty of negligence or fraud in the handling of trust 
affairs. 

The Corporation.—A corporation is chartered by the state and is 
subject to state control, although for the most part tlie control is only 
formal. A certificate of incorporation will include the following informa¬ 
tion: (1) the name of the corporation, (2) the purpose for which it is 
formed and the nature of the business to be transacted, (3) the amount 
and kinds of capital stock which can be issued, (4) the length of corpo¬ 
rate existence, (5) the number of directors, and other data. 

The fact that the corporation is formed under state laws gives a 
prestige with investors. They expect this control to safeguard their 
interests, as in various ways it does. The corporation must comply with 
state laws governing corjiorations and with the special provisions of its 
charter, and must file annual reports with the Secretary of State. Owner¬ 
ship is divided among the .stockholders, who elect a board of directors 
to govern the business. This group choo.ses a president, establishes the 
policy of the business, and to a greater or less extent influences its 
management. 

Stock ma}' be sold from one individual to another. Stockholders are 
not ordinarily lialde for tlie debts of the corporation. This limitation of 
liability to the amount of st(x:k owned is a large factor in attracting 
capital. However, in recent years legislators in some states have imposed 
added obligations upon stockholders in the form of double liability, or 
for unpaid wages to employees. A recent law in Illinois makes stock¬ 
holders liable for unpaid wages of employees for a period not exceeding 
two weeks. 

Assurance of continued activity of the business along lines prescribed 
by the cliarter gives assurance to investors and minimizes the hazards 
of investment. Those most directly concerned in the management of 
small corporations usually own a controlling interest and have a financial 
incentive to see that the company is efficiently managed. With the 
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demands of modern business for large amounts of capital, investors are 
provided with ample opportunity to participate in the profits which the 
organizing and administrative abilities of a lesser number make possible. 
In large companies the operating management may have but a small 
ownership interest. The directors of such companies may be chosen by 
minority groups, as many stockholders are chiefly interested in dividends 
and neglect to exercise voting rights. In some cases 10% of the voting 
stock exercises control of the corporation. Today practically all large 
businesses are incorporated, and most manufacturing firms with invested 
capital of $10,000 or more. 

Where to Incorporate.—Small companies and those of medium size 
should usually incorporate in the state where they expect to locate and 
do the major portion of their business. Investor sentiment favors this 
action. The corporation laws of some states are notably weak and 
ineffective, and serve to attract companies of questionable repute. Other 
states have enacted liberal corporate legislation which is also sufficiently 
restrictive to safeguard the investor’s interests. Factors to consider in 
choosing the place of incorporation are (1) incorporation fees and 
franchise taxes, which vary greatly, (2) liabilities of stockholders, (3) 
requirements as to meetings of stockholders and directors, and mainte¬ 
nance of an office, (4) reports required, (5) taxes on profits, and (6) 
extent of control vested in the board of directors. New Jersey may be 
cited as a state with fair and equitable laws regulating lousiness. Delaware 
combines liberal corporation laws with low rates of taxation and attracts 
many corporations and much wealth as a consequence. 

Promoting the Corporation.—Corporations grow out of other forms 
of enterprise, as partnersliips, when they prove inadequate or unsuitable. 
They are also promoted by persons who recognize an opportunity for 
the establishment of a permanent business and seek to organize and set 
it going. In the former instances the rights and interests of the various 
individuals associated together are transferred into the new organization. 
This is accomplished by the granting of shares of stock, and by the choice 
of directors and administrative officers. In the latter instance the project 
may be initiated by those who expect to associate themselves with it, or 
by a professional promoter. The function of a promoter is to discover 
a project which has business possibilities, organize it, and arrange for 
financing. He is usually paid in cash and an allotment of shares in the 
enterprise. To protect the stockholders against unreasonable promotion 
expenses and costs, a state may limit such costs to, for example, 20% 
«5f the amount of stock subscribed. 
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Voting Trusts.—A voting trust is a device used to place the manage¬ 
ment and control of a corporation in the hands of a small group, usually 
during a period of reorganization. The arrangement may be desired by 
the banking interests who undertake the financing, or a management 
group which wishes to assure itself of control for the time necessary to 
carry out its plans and policies. In order to secure such aid the holders 
of a majority of the company’s stock surrender the voting right of their 
stock to designated trustees in return for negotiable certificates. The 
holders of these voting trust certificates are entitled to any dividends paid 
during the time the voting trust is in operation. The trustees, or persons 
designated by them, will act as a majority on the board of directors in 
determining the policies of the enterprise. State laws usually limit 
voting trusts to a maximum of from five to ten years. 

Holding Companies. —more common means oi securing control is 
by the formation of a holding company which owns all or a majority of 
the voting stock in several corporations. Most of our large corporations, 
such as General Motors, United States Steel, and American Telephone 
and Telegraph, are holding companies owning stock in many subsidiary 
companies. The holding company may be engaged in manufacturing on 
its own account, like General Motors, which operates all its automobile 
divisions; or k may be merely a device for ownership and coordinated 
control, like United States Steel, which does no manufacturing itself but 
owns many companies making and selling products under their individual 
brand names. Many smaller companies have taken advantage of the 
holding company device to set up separate manufacturing or sales agen¬ 
cies in other states or countries. The pyramiding of control by placing 
one holding company above another was used especially by electric and 
gas public utility companies in the 1920’s. The abuses of this system 
became so apparent that the Public Utilities Holding Company Act was 
passed to correct the situation existing in that field. This law made it 
illegal to use more than one holding company above another for the 
purpose of controlling our public utilities. 

Although the holding company has received much criticism, it serves 
a useful purpose among manufacturing firms. A large paint company 
may be engaged in several activkies all related to the production of its 
principal product. It may have mines, dye works, pigment plants, refin¬ 
eries, and soy bean mills located in several difiFerent states. Local manage¬ 
ment is facilitated by separate incorporation, while centralized control is 
obtained by having one company own and vote the stock. Not all of the 
states permit a corporation to own shares in another, so holding com¬ 
panies are formed under the laws of a few states which have drawn their 
statutes to attract this form of organization. 
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“Blue-Sky Legislation.”—The various states have enacted laws 
requiring official approval, usually by the Secretary of State, of security 
issues to be offered to the public. This requirement comes under tht 
classification of “blue-sky” legislation, and is designed to keep fraudu¬ 
lent and worthless securities off the market. The Securities and Exchange. 
Commission, established by Congress, endeavors to strengthen the state 
laws, protect the investor by providing against misrepresentation of 
securities offered for sale and manipulation of the market. The purpose 
of all such legislation is not to protect the foolish investor from his 
mistaken judgment but to prevent the exploitation of the public by stock 
sales through misrepresentation. 



CHAPTER 6 


ORGANIZATION FOR MANAGEMENT 

Definition of Terms.—Before entering into a discussion of the differ¬ 
ent phases of management and the types of organization that are employed 
to obtain united and constructive effort, it is well to define some of the 
basic terms. Various writers have used these terms rather haphazardly, 
and some conflict exists in their employment. For example, “manage¬ 
ment” is often used to signify the control and ordering of others in some 
kind of activity. In this sense it is a general term that embraces both 
planning and guidance. In most business firms of any size there is a 
separation of these two duties. Hence, it is necessary to give a more 
exact description of what is taking place by employing the words with 
some restricted meaning. Although the terms are not entirely standard¬ 
ized, the definitions of Oliver Sheldon, an English writer, are considered 
authoritative in the field. Wisdom in administration, genius in organi¬ 
zation, and operating ability have come to be increasingly important to 
the successful conduct of a business. Sheldon defines the terms as 
follows: 

Administration is the function in industry concerned in the determina¬ 
tion of the corporate policy, the coordination of finance, production and 
distribution, the settlement of the compass of the organization, and the 
ultimate control of the executive. 

Management proper is the function in industry concerned in execution 
of policy, within the limits set up by administration, and the employment 
of the organization for the particular objects set before it. 

Organization is the process of so combining the work which individuals 
or groups have to perform with the faculties (mental and physical powers) 
necessary for its execution, that the duties so formed, provide the best 
channels for the efficient, systematic, positive, and coordinated application 
of the available effort.^ 

It is to be noted that administration, while manifesting itself to the 
greatest extent at the top of an organization, must nevertheless make 
itself felt in control and coordinative work in all parts of it. 

Functions of Management.—^The basic function common to all indus¬ 
trial companies, although differing in detail in various types of industry, 

^ Philosophy of Managemeat, by Oliver Sheldon, p, 32. 
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is that of manufacture—the conversion of raw materials into articles for 
use by the application of skill and effort. In our modern plants, how¬ 
ever, as Oliver Sheldon has pointed out, manufacture is but one phase of 
the general problem of management. His functions include preparation, 
production, facilitation, and distribution. The first of tliese has to do 
with the design of the product and the provision of physical facilities for 
making it. Production involves the actual manufacturing operations. 
Facilitation includes the problems incident to transport of materials and 
goods in process, planning, analysis and interpretation of production and 
cost data, and management of labor. Sales planning and sales execution 
come within the scope of distribution. It will be observed tliat the func¬ 
tions indicated above mark natural and specialized divisions of effort. 
The performance of each function will call for the employment of a group 
and probably the exercise of several different faculties, as executive, 
advisory, and operative. One person may exercise several faculties. 

Faculties Required in Management.—The faculties indispensable 
to good management are charted in Figure 8. The feature of this chart 
is specialization. The activities engaging the attention of individuals with 
particular titles are indicated, as well as the major faculty exercised. 
I'hus the manager exercises chiefly the executive faculty, but he is an 
administrator in so far as he coordinates local functions and determines 
local policy. The service group acts like a bureau of business research 
in carrying on investigations, compiling, analyzing, and interpreting data 
from which conclusions of value to the business may be drawn. It acts 
strictly in an advisory capacity. The consultative faculty is provided by 
particular individuals, members of the plant personnel, or advisers from 
the outside, working through committees, conferences, and employee- 
employer organizations. 

It must not be inferred that managerial faculties may be, or are, 
circumscribed by positions held; positions merely indicate the major 
faculty exercised. It is all-important that every individual, irrespective 
of position or title, exercise managerial faculties to the extent of supple¬ 
menting and completing the work of others. The operator must manage 
his work, his machine, his tools, to best advantage. That all engaged 
may contribute ideas of worth to the business is recognized by the inclu¬ 
sion of all faculties in the consultative group. 

Management Problems Fundamentally the Same. —locomotive 
company may appear to have but little in common with a dairy. A 
lumber yard may seem to have but little in common with a department 
store. The problems of all, however, resolve into five groups: Problems 
of policy, organization, personnel, facilities, and me ’ .ds. Proper solu- 
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tions to all the important problems in these categories serve to produce 
an effective business. 

“Results do not simply happen. They are the offspring of causes. 
The business executive who deliberately increases tlie effectiveness of a 

THE FACULTIES OF MANAGEMENT 


Faculty 


Title 


Description 


3 

I 


(i) Determinative 


(2) Administrative 

(a) Administrative 

(b) Sub-Administrative 

I 


(3) Executive 

(a) Executive 

(b) Sub-Executive 

(c) Supervisory 


(4) Service 


(a) Investigational 

(b) Co-ordinative 
1 (c) Advisory 


OPERATIVE 

(a) Technical 

(b) Clerical 

(c) Craftsmen 

(d) Semiskilled 

(e) Unskilled 

(f) Apprentices 


Board of 
Directors 

Managing 

Director 

General or 
Group 
Manager 

Determination of Policy 

Gencnd application of policy: 
coordination lietween func¬ 
tions; control of executive. 

Detail application of policy; 
control of functional groups. 


Manager 

Departmental supervision; lo¬ 
cal coordination of functions; 
determination of local policy. 

Sub¬ 

Detail application of main ex¬ 

manager 

ecutive flirections; sectional 
supervi.sion. 

Foreman 

Immediate supervision of work 
and leadership of workers. 

Specialists 

I n vestigation al work, me thod s, 
appliances, rates. 

“ 

Secretarial, statistical record¬ 
ing, comparative treatment of 
data. 

u 

Synthetic presentation of in¬ 
vestigated data. 


Manufacturing and functional 
operations. 


Figure 8. Faculties of Management 
(From Philosophy of Management, by Oliver Sheldon, p. 66.) 


business by logically considering his problems and fitting their solutions 
into an effective whole is as much a designer as any architect.” - The 
fundamental sameness of all business explains the success which an able 


^ From an editorial, “Business and Art,“ by Caleb, in Marshall Field & Company’s 
column, “Moving Forward,” in the Chicago Tribune. 
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CORPORATION CONTROL AND ADMINISTRATION 

The Stockholders. —The stockholders are the owners of the company. 
Owners of common stock participate in profits only after other financial 
obligations of tlie company have been met, including dividends to pre¬ 
ferred stockholders. The latter group receive dividends, if earnings 
permit, at a rate stipulated in the stock certificates. Sometimes cumula¬ 
tive preferred stock is issued, which obligates the company to accumulate 
earnings and pay the dividend rate specified before paying dividends to 
common stockholders. Thus if in years of poor business earnings were 
not sufficient to pay regular dividends to preferred stockholders, deferred 
dividends would be paid out of subsequent earnings before payments are 
made to common stockholders. In event of large profits the common 
stockholders are in an advantageous position, receiving all profits remain¬ 
ing after other company oldigations arc met. Tliere are various classes 
of stock issued in addition to the ordinary kinds mentioned. Not all 
classes of stock have voting privileges, but ustially owners of common 
and preferred stock have this right granted by state statutes. 

Corporation stockliolders in many cases are not interested in, or are 
careless with respect to, voting rights; being chiefly interested in antici¬ 
pated dividends. When stockholders do not appear at meetings, or are 
not represented l)y proxies, management control may l)e exercised by a 
relatively small proportion of the ownership. This situation may result 
in a company l)eing operated mainly for the benefit of a particular group 
rather than the average stockholder. In a few cases stockholders elect 
auditors who report directly to them, or choose a committee to name 
such auditors. 

The Board of Directors. —^The board of directors is chosen by vote of 
the stockholders. Within the limits of the charter granted by the state, 
it directs the activities of the corporation by establishing basic major 
policies for production, marketing, financing, and puldic relations. It 
also chooses the chief executive who is to administer direct control of 
the organization, and appraises -the results of his efforts. The board also 
chooses the other officers, such as the secretary and treasurer. The 
president will usually secure the approval of the board to the appointment 
of all major executives he selects and who report to him. 

A committee of the board may be designated to which matters coming 
before the board are first submitted for study and recommendation. The 
same or another committee may be empowered with executive authority 
by the board to act for it between board meetings. 

Boards of directors will ordinarily include from five to nine members, 
never less than three, and with large companies sometimes as many as 
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twenty-five or more. They will usually include the president of the 
company and one or two other major executives such as the treasurer and 
secretary. Other members will be important stockholders and those 
whose wisdom and counsel are desired in administering the affairs of 
the enterprise. In many instances individuals are elected to board mem¬ 
bership because of their knowledge and influence in other fields. 

The President. —The president is the responsible, acting head of the 
enterprise, selected by the board of directors to carry on the business in 
accordance with the general policies established by it. He is responsible 
for the organization of the plant and its successful management. With 
the cooperation of his immediate subordinates through the medium of a 
plant executive committee, he will formulate operating policies, and 
coordinate and control the activities of the business as a whole. Like the 
captain of a ship who must take wind and weather into account, the 
president must exercise vision and display wisdom and judgment with 
respect to external, but very important, social and economic forces. For 
intelligence with respect to internal problems of management he may 
depend largely upon his executive staff. 

In many small and medium size companies the president's perspec¬ 
tive of general conditions and his intimate understanding of the indus¬ 
trial situation qualify him to guide the board of directors in their delib¬ 
erations. He may be the dominant force in bringing al)out decisions 
with respect to policy. Experience indicates the wisdom of freeing the 
chief executive of a large organization from managerial activities in order 
that he may devote the major share of his attention to outside factors 
which manifest themselves in price fluctuations, a varying volume of 
business, changing property values, market trends, and puldic and 
governmental relationships. 

The General Manager. —^When the inclusion of a general manager as 
a member of the staff is warranted, he functions as the right hand of the 
president, with authority and responsibility for plant operations in their 
entirety. As the chief of all departments he is largely instrumental in 
selecting those in charge and in shaping the organization, and will be 
responsible for methods and processes. Guided by the policies of opera¬ 
tion determined upon by the plant executive committee of which he is 
a member, he exercises a governing influence in securing effective team¬ 
work from departments and’ individuals. Maintaining a balance and 
cohesion in large companies, keeping abreast of the times in manufactur¬ 
ing technique and procedure, and providing the personnel with a con¬ 
structive and inspiring leadership will engross the time of one individual. 
When these complex and urgent duties have to be handled by the presi- 
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dent along with his other activities, they tend to absorb too much of his 
time. As they require talents quite different from those required for 
external affairs, there is further reason for handling them separately. 

The number of department heads reporting to the general manager 
will vary, but usually it is not more than five or six, and may be less. 
Duties of officers and of department heads vary in different organizations. 

The Secretary. —The secretary is usually a member of the board ol 
directors but not necessarily so. He is the company officer who calls 
meetings of the stockholders and board of directors, prepares agenda 
for such meetings, and keeps the minutes. Other responsibilities include 
keeping a record of stockholders, of stock transfers, and making reports 
to stockholders. The secretary’s signature is required on legal papers, 
and he maintains close contact with legal actions affecting the corporate 
interest. In smaller organizations he may be assigned duties in addition 
to those pertaining strictly to the office of secretary. 

The Treasurer. —The formulation of financial policies and general 
control of financial matters comprise the responsibilities of the treasurer. 
He receives and disburses company funds, pays taxes, insurance, and, as 
instructed by the board, dividends. He is also responsible for the pro¬ 
curement of capital; and for the purchase and sale of company property, 
including both real estate and securities. The treasurer keeps custody of 
company funds and legal papers having financial importance, such as 
contracts, leases, insurance policies, patents, notes, bonds, and the like. 

The Comptroller. —The comptroller is responsible for the methods 
and procedures involved in financial and statistical record keeping. 
He will have charge of general accounting, cost accounting, statistical 
analysis, auditing, and perhaps credits and collections. In some organi¬ 
zations this latter function is assigned to the treasurer. Particular 
phases of the comptroller’s work include inventories, timekeeping and 
payrolls, tax reports, and forecasts and budgets. Management of the 
general office is frequently another of his duties. 

The comptroller, because of his broad perspective and opportunity 
for intimate understanding of all phases of company activity, is in a key 
position and may become a valuable aid and adviser to the administrative 
officers—^an important executive. As a recognition of this fact he not 
infrequently reports directly to the president, and sometimes to the 
board of directors. Although having direct control over his own depart¬ 
ment group, and of methods and routines of record keeping throughout 
the organization, he functions otherwise as a staff officer, providing 
knowledge and information through reports. 
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The Superintendent of Manufacturing. —^The executive in charge 
of manufacturing has the responsibility for production (utilizing the 
facilities provided), for facilitation of production, and sometimes for 
preparation for production. In addition to the manufacturing operations 
in the machine shops, woodworking, painting, and assembly departments, 
certain auxiliary services are required. These include production plan¬ 
ning, plant engineering, industrial engineering, quality control, stores 
control, and tool control. 

The term production planning embraces planning of manufacturing 
orders, scheduling operations, and dispatching or issuing work orders. 
Plant engineering includes power plant and maintenance services, fire 
protection, watchmen, and guard service. Industrial engineering includes 
the determination of proper layouts and vcorking arrangements, such as 
machines, tools, and the like; also time and motion analysis, job stand 
ards, labor classification, and wage determination. 


The Industrial Relations Executive. —Industrial relations, or per¬ 
sonnel, management has merited and received increasing attention due 
to the social and economic problems revealed among the rank and file 
during depression years, the requirements of social security legislation, 
labor disturbances engendered by labor leaders, and the introduction of 
national and state politics into labor relations. “The director of personnel 
w^ork is essentially in a staff capacity. He is responsible for the initiation 
of industrial relations policies, for the approval of management and for 
keeping management informed regarding new developments in the field 
of industrial relations applicable to his organization. He is responsible 
for putting policies into effect, and for insuring the same attention to 
them on the part of operating departments as is given to other expense 
factors such as machines and materials; for the responsibility for specific 
results must of necessity rest with the supervisors of the operating de¬ 
partments. . . . He should be familiar with the sales, production, and 
financial profit points of view so that he may work intelligently with 
these departments for the greatest prosperity of the business. In this 
way he can make personnel management an essential feature of good 
management.’’ ® Personnel work is discussed in more detail in later 
chapters. 


The Purchasing Executive. —The purchasing function varies with 
the industry and size of the company. Depending upon these circum¬ 
stances it will be organized independently as a separate major depart- 

® “The Personnel Director,” Bulletin No. 9 in a series dealing with business organi¬ 
zation, Policyholders Service Bureau, Metropolitan Life Insurance Company, New York. 
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merit, or occupy a subordinate position as in the manufacturing depart¬ 
ment. Its work will include buying and follow-up of orders, research 
and investigation in connection with materials and products purchased, 
a clerical and records division, and perhaps salvage and traffic divisions. 
The disposal of scrap and of old or unwanted equipment is usually 
handled by the purchasing department. When purchasing is carried on 
by the manufacturing department it may be combined with control of 
storerooms and traffic management. 

The Sales Executive. —^The task of the executive in charge of market¬ 
ing operations is divided into two parts—sales and advertising. Sales 
administration requires the building up and direction of a sales force, 
market research, and perhaps sales promotion activity. The type and 
details of organization depend upon the nature of the product, upon the 
number and variety of sales items, their value; whether sale is to the 
user, or through retail, wholesale or jobber outlets, the class of trade 
called upon, and other factors. Advertising efforts include the formula¬ 
tion of advertising policies, preparation of copy, distribution of adver¬ 
tising material, and agency contracts. very important part of the 
advertising manager’s job is periscopic in character, consisting in the 
constant review of advertising media and advertising plans, the study of 
market opportunities, trade movements, and style trends, the character 
of competition, the appropriate line of appeal. This phase of his work 
consists of thinking rather than doing.*’ ^ 

The Engineering Executive. —The engineering department designs 
the product or products manufactured, and has the responsibility for 
keeping them up to date. They also provide the manufacturing depart¬ 
ment with specifications, drawings, and supplementary data, such as 
parts lists, needed to facilitate manufacture and insure satisfactory 
quality. Design, research, and experiments and tests are logical divi¬ 
sions of the work of this department. In some large organizations the 
engineering executive has the additional responsilfility of determining 
the manufacturing requirements of new or changed products with respect 
to layouts, machinery and equipment, tools, labor, and costs. Production 
may be actually established on a satisfactory operating basis before being 
turned over to the manufacturing executive. In other cases much of this 
production or industrial engineering work is a function of a division of 
the manufacturing department. 

^ ‘‘The Function of the Advertising Manager,” Bulletin No. 5 In a series on business 
organization, Policyholders’ Service Bureau, Metropolitan Life Insurance Company, 
Nw York. 
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The Heads of Sub-departments. —The heads of production depart¬ 
ments in present-day concerns are chosen particularly with reference to 
their specialized knowledge, their powers of leadership, and their will¬ 
ingness to accept cooperation and to harmonize their work with that of 
others. They are entrusted with the detailed application of policy and 
with responsibility for phases of technical achievement, to the extent called 
for by general plans. Together with assistants the department heads 
formulate department policies in harmony with plant policies and see that 
they are executed. 

It will be noted that those who are concerned in the making of 
policies are also responsible for putting them into effect. Heads of 
service and auxiliary departments are, of course, specialists commis¬ 
sioned to bring to the actual manufacturing departments the most effec- 
live instruments of production with respect to personnel, tools, produc¬ 
tion control procedure, wage plans, standards, transportation, and so 
forth. Functional organization of these contributory departments, com¬ 
bined with specialized departments for manufacturing according to 
processes or operations, has greatly increased the industrial efficiency of 
the plant. 

Supervisors or Foremen.—Specialization and functional control have 
limited the sub-executive’s duties. The service and auxiliary departments 
enumerated in the preceding paragraph concentrate, in his behalf, man¬ 
agerial skill, service, and operating information. Nevertheless, he cannot 
be dispensed with. Functional services and systems, though they may 
be complete, cannot be perfect, and there are always exceptions to estab¬ 
lished procedure. The foreman provides the necessary human element 
at the point of contact to make adjustments, rectify errors, remedy defi¬ 
ciencies, interpret and administer instructions, make reports, supervise 
work, and, most important of all, provide personal leadership. In the 
final analysis the foreman is responsible for output. He is a manager, 
a teacher, a leader. As the farthest outpost of management, he is man¬ 
agement to the workers. One firm with over 30,000 workers instructs 
foremen to devote fully 50% of their time to “knowing your men.** 
Understanding brings cooperation and with it a greater output than can 
be achieved through “fear** or “drive.** 

The number of workers assigned to a group leader will vary, but 
probably the most common practice is to have from 8 to 15. With 
simple operations a greater number may be included. From 5 to 10 
group leaders may report directly to one sub-executive. The more effec¬ 
tive leadership and control possible with such small units justifies the 
greater expense. 
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With the growth of industry several distinct organization types have 
been evolved, each with its particular merits. They will be analyzed 
separately, although in practice tw'O or even several forms will be found 
combined in a single organization structure. The organization plan will 
vary according to the character of the industry, the size of the concern, 
the abilities of the available personnel, and the ideas of the management. 

The Departmental Plan. —The first tendency in organization, as 
plants became larger, was to divide establishments into departments 
according to processes or products. With some exceptions, each depart¬ 
ment head became virtually the head of an independent establishment. 
He was responsible not only for actual manufacturing, but for planning, 
personnel, production control, provision and use of equipment, costs, 
records, research, inspection, and purchasing. As the number of depart¬ 
ments increased, authority and responsibility for various phases of the 
supplementary activities Ijecame intricate. The result was a duplication 
of organization and management efforts on the part of the various 
departments, with consequent high costs, conflicting policies and lack of 
coordination. For example, differences in wage scales wdthin a plant 
w^ere common. With a variety of duties to perform there w’as little opjior- 
tunity for management to plan for growth and development. Routine 
operations absorbed time and attention. Inevitably some phases of 
management were neglected, others poorly administered. 

In present-day plants when authority for the production of a product 
or the carrying on of a phase of manufacturing activity is vested in a 
particular executive, there will be a separation of planning from perform¬ 
ance, and aid will be given in making long range plans. This means the 
providing of .specialized functional and .staff services. Their presence 
marks the distinction between the old and the new kind of management; 
and the difference between ineffective and effective organization. 

The Functional Type of Organization. —^As suggested in connection 
with the departmental plan, some functions come into play in several 
divisions of the business, or in all of them. The best illustration of this 
is industrial relations activity; others are standardization, works engi¬ 
neering, research, inspection, purchasing, transportation, and the like. 
The idea of functional control is to provide specialists in executive posi¬ 
tions with control of particular functions or phases of activity in all 
departments. 

As functionalization is increased, responsibility is decentralized and 
the scope of authority and control permitted to the departmental execu- 
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tive is narrowed. Greater expertness and intelligence accrue from 
specialization; there is less likelihood of neglect or poor administration 
of any function, and progress should take place in all lines because of the 
concentration of individual interest. As functional activity is extended, 
the department heads are enabled to concentrate on execution, to perfect 
their organizations, and to give better supervision. To be successful the 
activities of the functional departments must be well coordinated and 
kept in balance by the executives in charge. This may be accomplished 
by means of committees. 

The pendulum must not be permitted to swing too far in the direc¬ 
tion of eliminating local authority in favor of functional, detached control. 
Uniform policies and practices are essential, but general counsel and 
advice given to those in direct charge may suffice. Authority granted to 
supervisory employees may strengthen control rather than weaken it. 
The tendency to return full responsibility for the performance of subordi¬ 
nates to the supervisors indicates a realization of the dangers of extreme 
functionalization. Functional control must not take away the real 
authority required to get results. Authority is motive power. Figure 10 
shows a natural division of functions in a production department. The 
personnel may be organized in each department along vertical lines, but 
service—as for example, in the case of the plant maintenance department 
—is performed by one group for all. Functional foremanship in the 
shop, a continuation of the plan in the lower ranks of the organization, 
will be discussed separately. 

The Line Plan. —The line plan of organization is probably the one 
most frequently employed by small manufacturing companies. Instead 
of dividing activities according to the products made or sold, as is done 
in the departmental plan, the divisions in this case are broken down 
according to the various classes of work to be accomplished. Each depart¬ 
ment is engaged in promoting one major function, but the control has 
not yet become functionalized. It is a step from the departmental 
arrangement toward functionalization, but authority is still restricted 
to definite divisions of the personnel. The line plan is often referred to 
as the military type of organization, for authority over the various 
sections is direct and supreme in its field. There is no overlapping of 
authority. At the head of the organization is the owner or president as 
the case may be. Like the general in an old-time army he has supreme 
command and all subordinates are responsible to him. His lieutenants are 
the heads of the manufacturing department, the sales department, the 
accounting department, etc. Each department is divided further accord¬ 
ing to its size and work. 
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The outstanding characteristic of the line plan is its direct control 
and authority. It is said that here authority flows in a straight line, and 
hence the plan gets its name from this feature. There is no question 
where responsibility lies, for all the subordinates report to their respec¬ 
tive chiefs and to no others. This is an admirable type of organization 
for small companies, but when large size is achieved it becomes difficult 
to obtain men with sufficient knowledge and force to take care of the 
numerous details that must be handled. A small chart of the simple line 
plan is shown in Figure 11. 



Figure 11. Line Plan of Organization 


The Line and Staff Plan.—In this form of organization there is a 
line or departmental organization for doing the actual manufacturing, 
and a supplementary staff organization acting in an advisory and investi¬ 
gating capacity. The first group exercises the faculty of leadership in 
getting things done; the second provides information as to ways and 
means. This latter group is made up primarily of thinkers—scientists, 
engineers, and executives skilled in method and procedure, who bring 
expert intelligence and skill to bear on each problem. They are con¬ 
cerned with making analyses, doing research and investigating work, 
planning and coordinating information to be made available to line 
executives. The chief function of the staff is to analyze and point out 
the road to business efficiency. The task of attaining the ideals pointed 
out is the function of the line. 

The plan offers a clean-cut division of effort, separating the routine 
from the non-routine work of production, and separating planning from 
execution. As individuals are seldom equally talented in both planning 
and execution, abilities are utilized to better advantage. Flexibility is 
possible in that a line executive may perform work of a staff character 
at times in conjunction with his regular duties. Likewise a staff man 
may be assigned executive duties at times, as in putting into operation 
ideas and plans which he may have developed and which have received 
proper approval. Of course there should be close cooperation between 
the line and staff at all times. 
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The frequent occurrence of new and unusual problems makes staff 
assistance valuable; when they do not arise, such assistance is less 
essential. 

Figure 12 illustrates the line and staff type of organization. The 
president is served by staff advisers: an economist, a statistical depart¬ 
ment, and a legal department. The general manager has available a staff 
service, consisting of an industrial engineering department and a research 
and experimental laboratory. It will be noted that the staff departments 
have no direct control over production, nor do they exercise any execu¬ 
tive authority. In the line part of the organization the lines of authority 



Workers Workers Workers Workers 

Figure 12. Line and Staff Organization 


and responsibility are vertical. The workers in any group are responsible 
only to their group foreman, the foreman to his department manager, 
and the latter to the general manager. The general manager is respon¬ 
sible to the president. The path of authority is in the reverse direction. 
Individuals on the same level in the line part of the chart, whether 
department managers, foremen, or workers, are independent of each 
other in respect to authority and responsibility. No foreman may give 
orders to the men in another group. 

In organizations of large or medium size a feature of line control may 
be a lack of sufficient coordination of departments. A further weakness 
is that a single individual has to perform both staff and executive tasks. 
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In smaller concerns the closer personal touch possible assures better 
cooperation among subordinates. 

The Committee Plan of Organization. —Strictly speaking, a business 
cannot be managed by committees, but they may be so numerous and 
influential in an organization as to stamp it of the committee type. This 
form of organization has definite weaknesses, however, which have less¬ 
ened the enthusiasm for committees as a medium for general executive 
control. The committee form of organization is usually found to be 
dangerous, since most such committees waver between the extremes of 
gross assumption of authority by some members and a disclaiming of 
authority by all members. This results in preventing both workers and 
outsiders from securing cither quick decisions or effective action on ques¬ 
tions of policy. Numerous committee meetings take much time, often get 
nowhere, result in ineffective compromises, or enable majority opinion 
to prevail over proper courses of action. But in spite of these short¬ 
comings of committees, the committee is a most valuable supplementary 
service in other forms of organization. 

Some companies report that the group management idea is an excel¬ 
lent device for training and developing managerial talent. With this idea 
in mind one organization created additional places on its board of direc¬ 
tors for younger men, and esta])lished a dozen or more important com¬ 
mittees. These include a Research and Control Committee, Products 
T^lanning Committee, Budget Committee, Finance Committee, Suggestion 
Committee, Study Club Committee, the Medical Committee, Personnel 
Committee, and the Legislative Committee. “Careful minutes of all 
Committee Meetings are kept and reviewed by the executives. Recom¬ 
mendations are made and approved or disapproved by the executive 
committee.” 

Executive Committees. —An executive committee may decide mat¬ 
ters brought before it, although it cannot take action, for definite lines 
of authority must be retained by individuals in responsible executive 
charge. Such a committee brings a wide range of intelligence to bear 
upon a given problem, coordinates the views of those interested, and 
secures greater cooperation in carrying out the decisions reached. 
Executive committees provide a way of utilizing the wisdom and judg¬ 
ment of officials in matters ordinarily outside their jurisdictions, and 
often enable the chief executive to strengthen and guide a weak depart¬ 
ment indirectly and impartially. All this is a definite aid to management. 

° Group Management, by S. DeWitt Clough, President, Abbott Laboratories, North 
Chicago, Illinois, Monthly Bulletin, Illinoi.s Manufacturers’ Costs A.&sociation, No. 140. 
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Further benefits are the closer association of executives, resulting in 
improved morale, and the broad-gauge training provided. 

Advisory Committees.—The personnel of advisory committees 
should be selected with reference to the particular need. They are 
intended to bring together those best qualified to advise in particular 
matters, and thus exercise a staff function. Usually the personnel should 
be limited to from four to seven, or the work should be handled in part 
at least by sub-committees. The executive in whose service the com¬ 
mittee acts will be the logical chairman. While the decisions are not 
necessarily binding, if the committee is functioning properly its recom¬ 
mendations will be used as a guide for action. As executives may always 
counsel informally with others in the organization, the advisability of 
formal committee organization in many instances may be questioned. 
It is easy to overorganize. When this happens the cost is considerable, 
there is a bad effect on morale, and a waste of much executive time. 

Coordinative Committees.—In a business of any size, committees 
provide the chief instrument for producing teamwork and coordination 
of viewpoint. The larger the organization the more essential they are to 
unity of action. All committees are in a sense coordinative in that they 
disseminate a common understanding among the personnel, promote 
harmony, and lead to balanced effort with one definite purpose in mind. 
In a functional form of organization they are absolutely necessary. 

Good examples of coordinative committees are the Plant Executive 
Committee and the Inter-departmental Committee. The former functions 
for the various types of manufacturing activities while the latter is used 
principally in the general office. 

Informal Coordination.—In larger organizations there is a marked 
tendency to build up cross relationships to supplement the vertical lines 
of responsibility and authority. These relationships may not be shown 
on charts, for they are, in fact, informal. Nevertheless, they are the lines 
upon which action will normally be taken. Problems which affect several 
departments may be settled by agreement of those immediately in charge, 
rather than those above. In purchasing, for example, the purchasing 
executive may have in mind specification changes which will favor 
better buying. A conference with the production and engineering heads 
should be sufficient. Or, in a matter of providing customer service, the 
sales, production control, and manufacturing departments may well get 
together. If the matter cannot be settled, the general manager may be 
asked to make a decision. The development of cross relationships dif¬ 
fuses management; it implies the presence throughout an organization 
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of managerial talent, which can and should be utilized. Coordination is 
achieved more easily by this mental interlocking of groups than by action 
along vertical lines. “You cannot always bring together the results of 
departmental activities and expect to coordinate them. You must have an 
organization which will permit interweaving all along the line. Strand 
should weave with strand, and then we shall not have the clumsy task 
of trying to patch together finished webs.” ® It is difficult to show this 
kind of management structure on a chart. It is a living force rather than 
a mechanical arrangement. 

Special Purpose Committees.—^These may be permanent in the 
organization or may be created to fill a temporary need. Examples of the 
latter type would be committees appointed to take charge of arrange¬ 
ments for moving into a new plant, to consider adding new items to the 
line of plant products, or to investigate the advisability of establishing a 
branch plant. A committee on manufacturing methods should be perma¬ 
nent and should have as its personnel the production superintendent, the 
individual in charge of equipment and methods, and various foremen. 
If the factory manufactures on customers^ orders, the production super¬ 
intendent may head a committee including various shop foremen, and 
representatives from the planning room and order department, who 
confer daily with regard to schedules and delivery dates. A committee 
on safety is usually permanent. Cost committees, likewise, need con¬ 
tinuity to prove most useful. In all committees it is essential that the 
members have an interest in the results to be accomplished. Hence the 
membership is made up of men from the departments directly affected. 

FORMS OF SHOP ORGANIZATION 

The Military Type of Shop Organization.—The characteristics of 
the line or military type of organization have been indicated in the 
discussion of that plan. The chief virtues of a shop organization of this 
character are its simplicity, the clear-cut lines of authority and responsi¬ 
bility, and the effectiveness with which discipline may be maintained. 
On the other hand, there are serious, inherent defects. Frederick W. 
Taylor’s analysis of the plan as it operated in the machine shop of the 
Midvale Steel Company in 1881 pointed out the burden it placed on the 
foremen. Each gang boss was expected (1) to be a master mechanic, 
(2) to be capable of reading and interpreting drawings, (3) to possess 
ability to plan work ahead, (4) to stimulate high output of product of 
proper quality, (5) to set piece rates and adjust wages, (6) to maintain 

® “The Illusion of Final Authority/’ by Mary P. Follett, Bulletin of the Taylor 
Society. Vol. 11. No. 5. p. 243. 
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discipline, (7) to hire new workers, and (8) to provide the general 
executive control, supervision and personal leadership demanded.’^ 

Taylor rightly concluded that a man endowed with the qualities 
needed to make a good gang boss would qualify as a works manager. 
The responsibilities placed upon such a man were varied and urgent, 
precluding progress in methods and procedure, or expertness in even 
one particular. As a result, the individual workmen were almost entirely 
“on their own,” the foreman’s time being occupied with general duties. 
Control was ineffective and standards of production low. 

Taylor’s experience was in one of the first of the big shops in the 
metal trades industry where production was a complex procedure. In 
other industries, however, the situation was similar if not quite so 
serious. The organization and methods of the little shop had been carried 
into the big shop, the volume of work and responsibility being simply 
subdivided on the departmental plan. Each foreman held sway in his 
area in about the same way as did the proprietor of a small shop. Ways 
and means of accomplishment were matters to be solved by the workmen 
at their machines. These were much less specialized than now, less 
perfect, with little data as to best speeds, feeds, and methods of operation 
of work, piece rates, employment, training of workers, discipline, the 
provision of tools and accessory equipment, quality and quantity of out¬ 
put, and shop procedure. Control was impossible and gross inefficiency 
inevitable. 

\ Taylor’s Plan of Functional Foremanship.—In an effort to operate 
his machine shop more effectively, Taylor evolved the functional plan of 
foremansliip. The foreman’s work was divided into eight parts, with 
specialists in charge of each division. Figure 13 illustrates his plan. 

Planning was separated from performance by placing four of these 
.specialists in a planning room or office. Direct charge of operations was 
placed in the hands of the four in the shop. Each of these eight individ¬ 
uals had authority over the workmen with respect to his special function. 
The worker would have little actual contact with those in the planning 
room, control being exercised through the medium of work tickets, 
instruction cards, piece rate cards, etc., which were issued to him with 
each job. The duties of the eight bosses are indicated by their respective 
titles as follows: 

In the planning room the order of work and route clerk was to deter¬ 
mine the jobs which should have precedence and the route they were to 
follow through the shop as they were being processed. The instruction 
card clerk made up and issued the instruction cards which indicated to 


Transactions of the American Society of Mechanical Engineers^ Vol. 24, p. 1389. 
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each workman the nature of the particular job and the details of its 
accomplishment. The time and cost clerk determined the time necessary 
to complete the job and the costs entailed. He was concerned with 
obtaining this information from the men in the shop and then making 
the results available to management. Since Taylor’s plan removed the 
direct authority over the workman exercised by the line foreman, it was 
evident tliat discipline would be lax. In order to obviate this drawback 
the disciplinarian was included. His duties were to check insubordina¬ 
tion, keep records on the workmen and bosses, and maintain harmony in 
the shop—much on the order of a modern personnel manager. 

In the shop the gang boss had charge of the preparation of all work 
up to the time that the piece was set in the machine and the operator was 
ready to begin work upon it. This included getting together the needed 
auxiliary equipment, tools, drawings, and seeing to it that a job was 



Figure 13. Functional Forenianship in the Machine Shop 

(I'rom Ai)plie(l Motion Study, by Fr.ink lb and L AT (nlbieth, p J7 ) 


available for the worker when he completed the one on which he was 
engaged. The function of the speed boss was to see that the worker per¬ 
formed the task in the proper manner, and, if necessary, to demonstrate 
that the method and time outlined on the instruction card were correct. 
The inspector was responsible for quality. In many cases he would 
ol)serve the worker while completing the first unit, approving both 
metliods and finished work before the task was continued. The repair 
boss gave attention to proper use of equipment, its care and maintenance. 

Thorough standardization of shop equipment, tools, and methods was 
a necessary accompaniment of this plan and was accomplished by Taylor. 
As a consequence, task times could be set with assurance. 

The advantages of functional forenianship lie in the greater efficiency 
arising from specialization in managerial effort, the certainty of a more 
balanced adminivstration of functions, and the relative ease with which 
men who are qualified in one or two functions may be secured. The 
grade of directing intelligence available to the worker is greatly increased, 
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and made equal in all phases of his work. As disadvantages, there are the 
tendency toward weakening discipline, possibility of conflicting authority, 
and difficulty in maintaining proper coordination of functions. 

Present-Day Shop Organization.—Taylor’s functional and standard¬ 
ization ideas have received universal acceptance, though the manner of 
application varies in different shops and industries. Taylor’s plan, as 
outlined, is not in use today in the original form. The essential thought 
is kept but the weaknesses have been eliminated. In all cases planning 
is definitely separated from performance, and the responsibilities of the 
foremen have been steadily decreased in number. As examples of this, 
separate administration is the rule with respect to production control, 
standardization work, tool room administration, setting of time standards, 
personnel, and training of the workers. The foreman’s work is further 
simplified by the improvement and specialization which has taken place 
in equipment manufacture, narrowing the range of work for the individ¬ 
ual operator and making it easier to perform. 

The Caterpillar Tractor Co., while adhering to Taylor’s ideas, has 
found it possible to simplify the shop organization. The speed boss has 
been eliminated, and quality control of all manufacturing operations is 
centered in a separate functional organization. When a man is assigned 
a job in the machine shop, the tool room is notified, and makes ready for 
his use the necessary tools and auxiliary equipment needed, if they are 
not already available at the work station. He secures these at the tool 
room window after receiving his labor ticket. 

The reasons for the passing of the speed boss are chiefly that the stand¬ 
ardization of methods and the improvement in machinery have rendered 
him unnecessary. . . . Tf the workman has difficulty in accomplishing his 
task, the foreman is required to assist and demonstrate, if necessary, the 
methods called for by the instruction card. . . . The duties of the gang 
boss which still remain are discharged by the foreman in charge of each 
group of workmen. These duties comprise general oversight of the work 
of the men, including the setting up of their machines. . . . Foremen are 
encouraged and required to assist their men at all times to the end that 
they may become better workmen. . . . The original function of repair 
under the “repair boss” is now the plant engineer. . . . Today the per¬ 
sonnel department has all the duties of the old disciplinarian and many 
more.*^ 

In those establishments where the operations performed are repeti¬ 
tive, and where as a consequence the machines are specialized, the efficacy 

® “Building Tractors Under Scientific Management," by G. D. Babcock, Management 
and Administration, Vol. 8, No. 2, p. 141. 
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of functional foremanship diminishes. With preliminary training an 
operator becomes skilled in operating his machine and needs little further 
guidance. In many industries the “set-up” of the machine, and arrange-, 
ments for proper speeds and feeds are built into the machine itself, and 
even control of quality is largely inherent in it. Examples are wood¬ 
working machines, punch presses, textile machinery, sewing machines, 
knitting machines, etc. In many cases inspection of each operation is 
unnecessary, because defective work will be noted by succeeding opera¬ 
tors and checked at assembly stations or at established inspection points. 
Many operations are performed without the use of machines. In the 
great majority of shops, therefore, a group of operatives are directed by 
a line foreman or supervisor whose function is chiefly executive— 
getting work done according to schedules, with plans and arrangements 
provided by others—in other words, giving effect to the work of the 
various functional departments. 



CHAPTER 7 


CHARTING THE ORGANIZATION 

Organization Charts.—Organization charts rej^resent attempts to 
portray the responsibilities, duties, and activities of the personnel in 
carrying on the particular business represented. They show relationships 
between individuals, define authority and responsibility, indicate logical 
paths of promotion, prevent tendencies toward overlapping of activities 
and duplication of functions. They provide a clear-cut perspective of the 
business as a whole by showing what activities are carried on, and the 
organization structure utilized by management in achieving results. It 
is well to remember, however, that a chart is but a map and is neces¬ 
sarily as deficient in presenting the personalities, intellectual strength and 
initiative of an organization as a map is in making real a living landscape. 

Some firms dispense with the use of charts as a means of presenting 
a picture of the organization structure. They arc regarded as unneces¬ 
sary, or it is felt charts fail to reflect the true value of individuals, place 
too much emphasis upon titles or positions, and perhaps need to be revised 
too frequently. An objection to charts has been that they tend to restrict 
mental activity and interest too rigidly within established boundaries. If 
so, by checking stimulating criticism and suggestion, they may beget a 
complacency that brings mediocrity of achievement. This condition is 
noticeable in some large concerns. While definite duties are, of course, 
essential, these must be combined with the possibility of breadth of 
thought and interest which brings understanding and mutual helpfulness, 
and in this way makes cooperation possible and effective. Every ambi¬ 
tious man wants an outlet for his energies and intelligence. If he is unduly 
restricted in expressing himself, he will seek his chance elsewhere, thus 
depriving the firm of the very man it is seeking to discover, develop, and 
retain. 

Chart positions do not necessarily indicate the worth of the individual, 
nor the nature or value of his activities. The assistant to the president or 
general manager cannot function along definitely prescribed lines, nor be 
restricted by charted boundaries. His value lies in a wide perspective. 
The prestige which such a position carries among subordinate executives 
enables him to perform staff work, initiate new activities, eliminate fric¬ 
tion, and provide his chief with an intimate understanding of factory life 
behind the scenes. Leadership, enthusiasm, and other talents possessed 
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by individuals, will not be obvious upon a chart, and the wisdom of 
choice of personnel may be questioned and cause dissatisfaction. 

As changes in the staff occur, or as the firm grows or adjusts itself 
to new demands made upon it, readjustments must take place in the 
assignment of work to be done. The chart should, of course, be changed 
in accordance with the change in assignment of duties. It should be an 
exact picture of the existing company organization. 

Charts probably prove of most value in indicating the framework of 
tlie organization, its functional development, and in serving as a guide 
in its logical growth. Some examples illustrate their successful use. 

Chart of a Representative Manufacturing Company.—A chart of 
a representative manufacturing company is shown in Figure 14. In a 
small company the same functions and activities would be present, but 
there would be less specialization. In that case industrial relations and 
purchasing might be made divisions of the manufacturing det)artment. 
Similarly, the offices of secretary and treasurer could be combined, or 
those of treasurer and comptroller, and others likewise. Conversely, as 
companies grow larger a greater degree of specialization would result, 
with lesser departments becoming more important, and meriting a 
separate and perha[)s higher place in the organization structure. 1 Par¬ 
ticularly important major departments might be administered by officials 
with the rank of vice president. 

This chart provides a picture of the organization structure, indicates 
what activities are carried on, and their place in the general scheme. 
Lines of authority and responsibility are clearly evident. Tendencies for 
duplication of effort, for overlapping, for omissions or lack of balance in 
activities become more apparent by being presented in this form. Detail 
charts of sulidepartments and divisions would likewise be helpful to the 
president or vice president in considering the work of each and planning 
for the future. 

Organization Chart of General Motors Corporation.—Figure 15a 
shows the organization of the General Motors Corporation. The corpora¬ 
tion is governed by the stockholders through the board of directors and its 
chairman, who is the chief executive officer. In explanation of this organ¬ 
ization structure the company in a message to its stockholders wrote as 
follows: 

An analysis of the problems that confront industrial management will 
demonstrate that there are really two groups of such problems:—first, 
questions involving policy, both general in character and as affecting the 
operating technique: and second, questions involving administration of 
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policy when once developed and established. While these two groups are, 
of necessity, closely related, they become more and more separated as the 
business increases in size. In an institution as large in the magnitude of its 
operations and as diversified in the scope of its activities as is General 
Motors, they reach the point where they are sufficiently separated as to be 
dealt with, to an important degree, independently. 

While the success of any business will always depend upon efficient and 
intelligent administration, it is perfectly clear, in looking back over the past 
few years, as well as in attempting to discount the general trend as to the 
future, that the policy phase of management is becoming of greater and 
greater importance. . . . 

Experience has likewise demonstrated that the day to day problems that 
confront the corporation’s operating executives are so absorbing in their 
demands of time, that too little opportunity is afforded for the necessary 
consideration of the broader aspects of the business and the development 
of a better operating technique which require much study and research. 
The marvelous contribution that research has made to the progress of 
industry and the advancement of the standard of living, is universally 
accepted. It is not so generally recognized, however, that research may be 
equally well applied—and it is important that it should be applied—to all 
functional activities of business. . . . 

The present plan of organization definitely separates policy from admin¬ 
istration, and at the same time provides the essential coordination between 
the two. It also provides for a greater decentralization of the responsibility 
for the corporation’s general administration, in order that more executive 
consideration may be devoted to the policy phase of the business. 

The chairman of the board is the chief executive officer. The policy 
committee of the board deals with both financial and operating problems 
from the standpoint of general policy, and also will have the responsibility 
of promoting new policies involving all the corporation’s functional activ¬ 
ities. The administration committee of the board has charge of the admin¬ 
istration of all the corporation’s divisional and subsidiary operations, 
excepting those of a strictly financial character. It, in collaboration with 
the policy committee, participates in the development of the policy phase of 
the business. . . . 

To sum up: the advantages are a greater decentralization of responsi¬ 
bility; the more definite segregation between policy and administration, 
permitting more executive attention to the policy phase; and the provision 
for transition of executive personnel through the corporation’s service as 
experience grows and ability is demonstrated. 

It will be noted that production operations are grouped by kind, and 
further divided into divisions, which are in effect separate businesses of 
distinct classification. Each of these operating units is self-contained, 
with an organization and chief executive of its own. It buys and sells to 
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other divisions and to outside firms on a competitive basis, and is judged 
as to results by certain established standards and comparison with similar 
competitive enterprises. It has the advantages of staff service through 
its relationship with the parent organization, and the other advantages 
which accrue to a large company. These would include prestige, financial 
strength, purchasing advantages, benefits from research, and talents of a 
high order in the upper ranks of executives. 

The General Motors organization combines the advantages of a decen¬ 
tralized system, with its incentive to individual initiative, and those of 
a closely knit central organization. A consistent effort is made to 
individualize divisions and departments so as to develop their initiative to 
the fullest extent. At the same time composite knowledge and experience 
of the entire organization are pooled in such a way as to make them 
available and of value to everyone concerned. 

Organization Chart of a Corn Products Plant. —Figure 15b is an 
organization chart of a corn products company. It pictures the organiza¬ 
tion as a whole, indicates the various departments, and the lines of 
authority and responsibility. The industrial engineer investigates and 
reports to the general manager with respect to possible operating and 
management economies. In putting new procedures into effect, however, 
he actually works with or comes under the direction of the general 
superintendent. The assistant superintendent, the chief engineer, and the 
chief chemist, although shown as line men, also serve to a considerable 
extent as staff advisers. There is a notable lack of coordinating com¬ 
mittees, and this is typical of many continuous process industries, such as 
cement plants, flour mills, brickyards, and the like. In such plants manu¬ 
facture is controlled largely by machinery; the problems of routing, shop 
transportation, production control, and of workmen operating individual 
machines are conspicuously absent. 

The task of the operating management in such an organization is to 
a great extent a technical one—^maintaining and tending continuous 
process machinery and providing a check on its proper functioning. In 
the case of corn products, corn as a raw material enters at one point, 
and at remote points there emerge starches, syrup, sugar, oil, feeds, and 
various by-products. In the manufacturing operations little skilled labor 
is required. A staff of chemists serves all the process departments and 
thus controls quality. The installation and maintenance of equipment are 
also carried on functionally by the master mechanic and his staff. 

Within each department indicated on the chart there will be a depart¬ 
mental organization, usually of a line character. For instance, the several 
departments under the chief engineer will each have a foreman, an assist- 
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Figure 15b. Organization Chart of Corn Products Plant 
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ant foreman, and a staff of workmen. The accounting department will 
have bookkeepers, clerks, and stenographers. 

Chart of Organization of a Furniture Plant. —b'igure 16 sliows the 
organization of a furniture manufacturing enterprise employing from 
150 to 175 workers. This type of organization has been proved most 
profitable and successful in actual operation. 



Figure 16. An Effective Organization for a Small Company 


Charts of Organization of the American Rolling Mill Company. 

—The chart in Figure 17 shows in outline the organization structure of 
the corporation and the plan of administration and management. It will 
be noted that business and production activities are carried on in several 
localities. The main offices of the company are located at Middletown, 
Ohio, one of the points of major operation activity. The president, senior 
vice president, and secretary of the company are also members of the 
board of directors. Executive control is exercised through the medium 
of the president and senior vice president, and the chief management 
group as shown on this chart. 

The chart in Figure 18 pictures the management of the Middletown 
Division of the corporation. General corporation policies, plans, and 
procedures are carried into effect for this division through the medium 
of the works management group. Executive authority and responsibility 
center in the works manager, assistant works manager, general super¬ 
intendent, and assistant general superintendent. In large organizations 
it is often the practice not only to have general organization charts such 
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as the two here shown, but to supplement these with charts of similar 
design for each phase of activity which show the position and nature of 
the work performed by each and every employee. These are helpful to 
the executives immediately concerned, as well as in accounting, cost 
control, and budgeting. Detail changes in personnel or readjustment and 
expansion of work do not necessitate changes in the general charts. 
These latter charts provide major executives and the board of direc¬ 
tors with a picture of the general organization structure, corporation 
activities, and of the channels through which management control is 
exercised. 

A foremen’s forum meets once a month for the exchange of opinions, 
the charting of operations, the study of company policies, and a thorough 
understanding of the human element in business as it should be known 
by those who represent the management on the job. 

Charts necessarily fail in conveying an impression of the relationship 
which a company maintains with the public, with its stockholders, and 
employees. In all tliese respects this corporation has a most enviable 
record. The corporation’s policy is to cooperate with all worthwhile 
community organizations and activities. Works managers have author¬ 
ity to act for the company in such matters, and both executives and 
employees are urged to support and to take an active part in community 
affairs. An industrial relations program has been in effect since shortly 
after the company was organized in 1900. That it has been effective is 
evidenced by the fact that in its entire history the company has never 
lost a pound of production, nor an employee a dollar of wages because of 
labor trouble. 

In 1904 employee representation had its beginning with this company. 
One employee rei)resentative is elected to approximately 50 employees. 
Departmental committees elect their own chairmen, and these chairmen 
in turn select a general cliairman, vice chairman, and secretary. The 
committees have no administrative, legislative, or executive functions. 
At least once each month all employee representatives meet with the 
plant management and the supervisory group for the purpose of bringing 
about a better understanding of company policies, and for the exchange 
of information that will be mutually helpful. An employee with a griev¬ 
ance may take the matter up with the department superintendent either 
in person or through an employee representative of his department. If a 
satisfactory agreement is not reached it may be appealed by successive 
steps to the president of the company, and to an impartial arbitration 
board, although this latter step has never been found necessary.^ 

^ “Armco Personnel Relations/’ by Hugh W. Wright, Factory Management and Maiiu- 
tenance, Vol. 95, No. 5, Supplement. 
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Chart of Company Manufacturing Automotive and Other 
Machinery Products. —This company operating a large plant very suc¬ 
cessfully has a simplified organization scheme with but three main divi¬ 
sions of its operating activities, each administered by a vice president. 
(See Figure 19.) The function of the ‘Vice president in charge of 
product’' is to advise the president and all departments of the company 
concerning matters which affect the particular group of products for 
which he is responsible, and their distribution. The dotted line indicates 
the direct relationship with operating departments. It is anticipated that 
future growth of the business will require the appointment of additional 
executives with like responsibility for other products. The product 
study department is responsible for relations with manufacturers of 
products used with this company’s equipment, and for cooperation with 
them to the end that sales are increased to a satisfactory point. Staff 
service is utilized by various executives as necessary. Subordinate 
departments are organized by functions and are of the line type. 

Trends in Organization. —A noticeable trend in recent years has 
been for big organizations to decentralize activities, including both 
operations and management. This is particularly to be noted in connec¬ 
tion with the General Motors Corporation as presented earlier in this 
chapter. Another company in the electrical equipment field has divided 
its business into twenty-two divisions, each separately organized and 
managed. The determination of company policy is centralized. Coopera¬ 
tion and coordination with respect to finance, purchasing, advertising, 
research, and staff service are likewise provided for. 

Large companies have found that functional organization sometimes 
tends to increase costs out of proportion to the service rendered. This 
comes about because of ambition on the part of the executive in charge 
to expand and elaborate his service, and because the cost can usually be 
prorated as an overhead charge among the departments utilizing the 
service. In several large companies production department costs were 
found to be out of line because certain functional services rendered b}^ 
other departments were being charged for out of proportion to their 
value. When costs are not subject to control by the executives imme¬ 
diately concerned, or there are not effective ways of evaluating results 
in terms of cost, weakness ensues. A medium-sized organization engaged 
in the production and distribution of one or a few products has certain 
advantages. There are likely to be similar, competitive organizations 
with which it may compare operating costs and profits. Its size will 
permit a capable, energetic executive to exercise command and be a 
potent influence in all departments. Thus big corporations are seeking 
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to regain the advantages of the smaller enterprise without sacrificing the 
benefits which may accrue from a strong parent organization. 

' Public relations and labor relations are two important factors influ^ 
encing smaller plants. The bond between a plant and the community in 
which it is located is important. With a controlling management in 
charge motivated by a general policy favoring participation in plans for 
community well-being and progress, the evils of absentee management 
are eliminated. Opportunity is offered for ranking executives to be in 
touch with working conditions and to have first-hand contacts with the 
personnel. Such a relationship offers much opportunity for eliminating 
or minimizing labor difficulties. 

Benefits of Modern Business Organization. —The benefits which 
may accrue from success in organization work are expressed by Walter 
P. Chrysler, as follows: 

In the development of the great modern business corporations as servants 
of mankind, men have devised a creative force that transcends themselves. 
None of these corporations are perfect as yet, of course; but . . . what 
other time in history can show anything to compare with these teams of 
men, in capacity to enrich mankind, in capacity to extend human powers 
in almost any direction we may wish to go. 

Nourished by such a mind as that of Kettering of General Motors or 
Fred Zeder of the Chrysler Corporation, a great corporation’s depart¬ 
mentalized intelligence becomes still greater; but to support a Kettering 
there must be other kinds of minds, those of production men, of merchants, 
of mechanics, of advertising men and countless others. When all these 
minds, through organization, are made to function as a single intelligence, 
each member of which is a special, gifted part, then you can expect to 
produce magic. Nowhere in the world is there a people with wealth so 
widespread as in America; nowhere is there a people who have so much. 
It seems to me quite obvious that we do not owe this difference to a few 
outstanding men; we owe it to a scheme of working whereby a lot of 
varied intelligences in a great business organization pool their most effec¬ 
tive parts.2 

^ From a series of articles “Life of an American Workman,” by Walter P. Chrysler, 
in The Saturday Evening Post. 



CHAPTER 8 


SELECTING A LOCATION 

Need for Care in Selecting a Site. —When a location for a plant is 
once selected it is assumed that the industry will continue in this spot 
for a considerable time. Moving is difficult and entails considerable 
costs. Therefore it behooves the management of a company to consider 
the problem of location carefully and not arrive at a decision until all 
factors are given their proper weight. [In general it may be said that 
the best location for a manufactur ing plant is v^eFe t he combined cQst..Qf, 
production andl distnbutibn of its product is the lowest./ But the solution 
of this problem is not one that can be arrived at easily. In the case of a 
small company, the determination is all too frequently made on the basis 
of the owner’s preference of a home community or the availability of a 
plant site. Later on, this location may prove a decided handicap to the 
success of the firm. A large company may spend months or even years in 
analyzing various data and compiling cost figures before deciding where 
to move the main plant or establish a branch. With the growth and 
shifting of population, changing transportation facilities, the develop¬ 
ment of new materials and processes, and the establishing of new power 
areas, the question of the most desirable site has become increasingly 
])rominent for the maintenance of profitable operations. 

Concentration in Certain Centers. —An industrial map of the coun¬ 
try records a past tendency for factories in a given industry to locate in 
certain centers or areas. Examples are the milling industry at Rochester 
and Minneapolis, the automobile industry at Detroit, textiles in New 
England, furniture at Grand Rapids, agricultural implements at Chicago, 
the garment industry in New York City, the rubber industry at Akron, 
and steel manufacturing and consuming enterprises first at Philadelphia 
and later at Pittsburgh. Time brings changes, however, and natural or 
other advantages once enjoyed may be diminished or cease to exist, as 
evidenced by the recession of forests from the locality of Grand Rapids, 
the decentralization of the rubber industry, and the new centers of the 
steel industry at the southern end of Lake Michigan and Birmingham, 
Alabama, in response to developing markets. 

Until recent years the concentration of an industry, whatever the 
cause, tended to create a favoring environment. Some of these changes 
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were of a nature to benefit manufacturers generally; others, favoring the 
particular industry concerned. Industrial concentrations brought about 
he establishment of subsidiary and auxiliary factories which provided 
machinery and tools, special parts, accessories, and supplies. Specializa¬ 
tion and segregation of accessory manufacturing operations in independ¬ 
ent plants often proved profitable to all concerned. Labor congregated 
where individual plant shutdowns least affected continuity of employ¬ 
ment. Purchasing conditions were bettered and transportation facil¬ 
ities, mainly railroads, were expanded and the service improved. In 
addition, financing became easier, public opinion more favorable, adver¬ 
tising prestige greater, and technical advancement more rapid. The gain 
in such external economies accounts for the past concentration of many 
industries. The tire industry at Akron, largely through such concentra¬ 
tion, built up a favorable environment for itself without poswsessing many 
natural advantages. The agricultural implement industry, when it moved 
to Chicago from the East in 1845, successfully undertook to create an 
environment favorable to industrial progress, in a comparatively rural 
community. Nearness to market and raw material sources warranted 
such an effort, at a time when it was without precedent. 


THE GEOGRAPHICAL LOCATION 


Points to Consider. —The factors influencing the choice of a geo¬ 
graphical location may be divided into groups of primary and secondary 
importance. 


JJifiMARY Factors 
Mirfket 

Materials 

.^ansportation 
PpWer and fuel 


Secondary Factors 
Legislation 
Climate 
Financial aids 
Banking facilities 
Water supply 


The importance of each of these factors will vary with different 
industries and with each analysis made. Sometimes one essential need 
may govern the choice for a particular company. 


Migration and Decentralization—Technical Progress. —Industry 
is always on the move and readjusting itself to meet existing and fore¬ 
seen conditions. Migration, centralization, and decentralization trends 
are brought about by changes which occur in connection with technical 
progress as well as with the location factors previously listed. 

Technical progress in the steel industry in the use of local coal for 
coking operations and the greater use of scrap in making steel are 
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decentralizing forces. The use of bark in leather tanning operations 
formerly required the handling and storage of large piles of this mate¬ 
rial. The use of an extract obviates this need and permits the operations 
to be carried on in quite different localities. A new process has made it 
possible to produce kraft paper and certain kinds of pulp from southern 
pine which can be grown on a crop basis. The consequence has been a 
big shift in paper production from the northern to the southern states, 
and the investment of many millions of dollars in new paper mills. In 
the entire industry smaller plants are now just as efficient or more so 
than larger plants. The Ford Motor Company now operates fourteen 
small plants within a radius of fifty miles of Detroit. Many of them do 
not have railway connections. These plants produce starters, generators, 
lamps, gauges, drills, and other parts. 

Community Assistance in Plant Location. —Chambers of Com¬ 
merce and other community groups often interest themselves in prospec¬ 
tive new industries. In a past era unwise competition between commu¬ 
nities resulted in offers of free sites, bonuses, stock subscriptions, and 
exemption from taxes as inducements. Where one plant was properly 
located in this way, scores were located improperly and failed to survive. 
Many cities have industrial graveyards due to this cause, and local inves¬ 
tors much worthless stock. Temporary advantages cannot compensate 
for uneconomic production and distribution over a long period of years. 
The long-time effect of each influencing factor must be carefully weighed 
in relation to others, and the location must be chosen which provides the 
sum total of advantages. When an analysis discloses that several com¬ 
munities offer about equal advantages, then inducements by one or more 
of them may logically influence a choice. A manufacturing company adds 
purchasing power to a population group through its payrolls and local 
purchases, and contributes directly and indirectly in taxes. More people 
may come to reside in the community. These are gains which business 
men appreciate, and which may warrant reasonable community coopera¬ 
tion and aid. 

The Market. —Perhaps the market is the one factor which most 
frequently influences the choice of an industrial location. Goods are 
manufactured to sell and their production is either in response to an 
existing demand or with the idea of creating a demand for them. The 
rise of industry on the Pacific Coast was in response to an increasing 
market. Many industries are essentially local in character, such as 
laundries, ice-cream factories, bakeries, planing mills, common furniture 
factories, foundries, artificial ice plants, brickyards, printing establish¬ 
ments, and machine shops. In connection with these the possibility of 
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rendering unusual service or offering low prices, because of favorable 
production conditions, will often greatly increase the market range. It 
is usually cheaper to produce the more ordinary heavy and bulky prod¬ 
ucts of small value near the market, other conditions being equal. On the 
other hand, there are many commodities which can be produced inde¬ 
pendent of the adjacent market. As examples may be mentioned: goods 
of high value and small bulk, such as jewelry; goods in which style is a 
large factor, as in the case of clothing and high-grade furniture; technical 
or chemical goods, and specialties generally. 

Management talent is now relatively plentiful, and this fact coupled 
with the technical efficiency of smaller manufacturing units promises a 
greater decentralization of establishments designed to serve local or 
regional areas, especially consumer goods plants. 

Determining Extent of the Market. —A market analysis covering 
both present and future possible markets is an essential part of any 
program leading to the establishment of a plant. A manufacturer will 
desire to know: (1) the extent of local demand, (2) other markets, 
(3) the prospective future demand, and (4) existing and jirobable 
Future competition. It may be unwise to locate with reference merely to 
a present sales territory, if it involves ignoring future market trends 
which seem to suggest growth in another direction. Market analyses 
merit the attention of experienced surveyors, skilled in finding and 
assembling pertinent and significant facts, discarding irrelevant data, 
and interpreting accurately the real meaning of the figures presented. 
A given plant may not expect to supjdy the entire market, and the prob¬ 
lem then is to determine what share of the business it will command, 
considering its product, prestige, and the price at which it can make 
sales. 

Shifting Markets. —The shifting of markets in the United States has 
caused a continual readjustment of production centers. Starting in the 
East with local production for local consumption almost entirely, there 
gradually emerged strategic production centers for many major indus¬ 
tries, from which national distribution was effected. With the steady 
westward movement of population, industry has moved westward and 
we now have the center of many industries in the Mississippi Valley. 
Natural advantages for low cost steel production and distribution at the 
southern end of Lake Michigan are responsible for the rapid develop¬ 
ment of the industry there. The cost of production is less and the cost 
of shipment to the great middle-western market is much less than from 
Pittsburgh. The recent addition to the plants in the Birmingham area is 
in Dart due to market influence, and in part to raw materials. 
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High freight rates increase the tendency of industry to follow the 
market. Many industries in recent years have established plants on the 
Pacific Coast, notably in the Los Angeles region, to save freight on 
shipments from the East. Regional production centers are tending to 
develop, and a company seeking national distribution may have a number 
of plants at strategic regional locations, rather than attempt distribution 
from one point. Decentralization of production by a large manufacturer 
will result in branch plants centrally owned and controlled. Shifting 
markets, however, have also brought a marked increase in the number of 
small competitive plants. A good example of the establishment of branch 
factories is the large number of regional assembly plants operated by the 
principal automobile companies. Other examples of this kind of opera¬ 
tion are bakery goods, tin cans for fruit and vegetable packing, furniture, 
cement, meat packing, and industrial gases which are shipped in heavy 
steel cylinders. 

Sources of Raw Materials. —The sources of raw materials should be 
studiedjAfith respect to: (1) quantity and quality available, (2) prox- 
imky7(3) transportation costs, (4) extent of competitive or monopoly 
market, and (5) the possibility of future use of substitutes. The extent 
and character of natural commodities, such as timber, mineral deposits, 
clay, or supplies originating from agricultural operations, may be quite 
accurately determined. Where the finiwShed product of another industry 
is utilized, or a by-product or waste, the continuity of an adequate supply 
will have to be analyzed along different lines. Imported products may 
need to be considered. Many raw materials may be incorporated in a 
finished product, but usually in each industry a limited few only are of 
prime importance in affecting location. 

Effect of Material Sources on Location. —The source of natural 
deposits or supplies will arbitrarily locate certain industries, such as 
mining, fishing, lumbering, and petroleum production. Jslearness to th e 
source is important in the case of heavy and bulky materials of relativel)r 
small value, or when the raw material loses considerable weight or bulk 
during process of manufacture; also when transportation facilities are 
inadequate or costly. Ore is preferably smelted near the mines. Saw¬ 
mills and paper mills using wood pulp follow the forests, utilizing streams 
to carry the logs to them. Starch factories locate in the corn belt and 
at corn market centers. With raw products that are perishable, such as 
canning supplies, sugar cane and beets, and raw dairy products, storage 
or long shipments are impracticable. In the case of milk product plants 
producing cheese or evaporated milk a location somewhat distant from 
population centers is desirable, in order that consumer demand may not 
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affect the continuity of supply or regulate raw material costs. Thus, in 
general, there is a tendency to perform the primary manufacturing opera¬ 
tions in the vicinity of the raw material supply. Price fluctuations will 
be minimized by purchasing in a market handling a relatively large 
volume of the product. 

Less dependent upon nearness to raw materials are those manufac¬ 
turing operations following the primary ones, those which involve the 
application of more labor and the use of special machinery and a small 
amount of power. These include many finishing processes which are 
affected by style changes and customer demands, also products in which 
the cost of raw material is small, as compared with the total cost or 
selling price. Many prodiirts_whirh are marketed nationally are al so 
independent of pr ovlmi'ty tn raw m aterials. Tlie cost of shipping raw 
m aterials for a given product may be much le ss than t hat of slii pping the 
product in a finished state, and rnn^Qpgnp ntly may suggest locaT manu- 
facturii^ . Co mmon furniture and paper boxes are examples. 

t Lalaror.—^The expansion of industry, the relative increases in our 
indtistrial population, the rapidly increasing introduction of mechanical 
equipment and automatic machines, have steadily tended to lessen the 
importance of labor as an essential element in industrial location. Gen¬ 
erally speaking, unskilled or semi-skilled labor can be developed locally, 
or it will follow the industry. Highly skilled and specialized branches 
of craftsmanship may call for a labor supply which is not obtainable 
locally. Usually, however, no great difficulties are encountered in trans¬ 
planting a necessary number of such workmen. 

The eff icien cy,j^4h^ human elemciit influences j^roduction costs, no 
matter how^ sdentifically fai J o u^and equipped the plant may be. It 
should be studied carefully by individuals possessed of a thorough 
knowledge and experience in the field of personnel relations, to the end 
that an adequate, satisfied, and contented operating staff will be avail¬ 
able. Intelligence, skill, and thrifty habits are characteristics to be 
looked for. 


pffects of Labor Strife.—The best labor market is, of course, found 
in/the cities, but in recent years there has been a noticeable movement 
of industry from the cities to the smaller towns. To a large extent this is 
a result of difficulties in dealing with unions and labor leaders in large 
industrial centers, the rules and restrictions to production consequent 
upon union regulations, and the increased costs due to high wages and 
low production schedules. Labor turnover rates of various cities tell 
the story of industrial unrest. In the vicinity of certain cities, industrial 
suburbs have sprung up in which amicable relations between employers 
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and employees have been promoted, with the resulting combination of a 
favorable labor situation and the advantages of a city location. 

There are a number of smaller industrial towns about the country in 
which labor populations have grown with the industries located there, 
and in which a common bond of loyalty and cooperation has developed. 
In these towns the greater dependence of labor upon particular jobs 
minimizes agitation, unrest, and labor turnover. 

Where the labor demands of a plant will interlock with the require¬ 
ments of factories already located, smaller cities often prove very attrac¬ 
tive. In an Illinois town, for example, the demand for women workers 
in a cotton yarn and hosiery mill fits in very nicely with the need of a 
furniture factory for men workers. Not only are the manufacturers 
benefited, but the purchasing power of families is increased with resultant 
gain to business and the community generally. During a period of two 
decades employees have made a decided advance in educational standards, 
cultural growth, and economic well-being. 

Labor strife in recent years has developed between rival unions, 
between labor leaders, and because of the influence of politics. Control 
of labor groups by unscrupulous leaders is another evil. Communities 
differ greatly in their freedom from troubles of this kind. It is important 
to know the past record and present attitude of local public officials in 
dealing with unlawful actions of strikers, strike sympathizers, and labor 
agitators. 


IPojjjef^and Fuel.—Power and fuel are employed by practically all 
manufacturing plants. When the consumption of power is great, as it 
is in certain industries, low cost may be the controlling factor in .deciding 
on a location. Data should be secured relative to: (1) the proximity of 
coal mines, oil fields, or gas pipe lines, and natural gas; (2) cost of 
transportation from each; (3) public utility service; (4) competition; 
(5) rates; (6) possibility and desirability of developing local water¬ 
power sites. Comparative estimates may then be made, covering power 
and fuel expenses for different localities. 


Changing Sources of Power.—^When water power was the principal 
force utilized to turn the wheels of industry, the small factories of the 
period were concentrated along swift-flowing rivers. In this country the 
rivers and streams of New England afforded the best available sites, 
and as a consequence American industry developed in that area. Today, 
electric power has made this situation obsolete and has brought a 
decided decentralization in industrial locations. It is now possible to 
transport electric power economically for several hundred miles from its 
source. Factories, as a consequence, are enabled to choose sites with 
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reference to other considerations. The decentralizing effect on industry 
has been noticeable, for example, in the Piedmont region of the Caro- 
linas, and elsewhere in the South, in New England, Pennsylvania, Cali¬ 
fornia, Washington, and, in fact, throughout most of the nation. 

The national government has undertaken development of projects in 
Tennessee, Nebraska, Montana, Washington, and other states which 
will result in the production of large quantities of power which it is 
hoped can and will be utilized for industrial purposes. Fairly low power 
rates have been established. Some of these projects involve other con¬ 
siderations such as flood control, navigation, irrigation, community bet¬ 
terment, and raising of ground water levels. The extent to which the 
cost of the projects is reflected in rates for power depends upon the 
proportion of cost charged against these other benefits. 

Industries Requiring Cheap Power and Fuel. —T hose industrie s 
deali ng with raw materials which reouire the use of heavy machinery 
"seek cheap power.^ Primary manufacturing ojif^rntinns nre often of t his 
"kind, as in sawnidls, flour mills, steel m ill s, wood and metal working 
piantsTtEose utilizing electric furnaces and electrolytic processes of refi n¬ 
ing metals . Electro-chemical and abrasive plants cluster about Niagara 
Falls. The Aluminum Company of America has established plants in the 
Tennessee Valley area. 

The need of intense h eat in c arrying on itidn^trinl npp rations sug ¬ 
gests iie nirn^^^ fat^r ^ipplv. r hf>np fuel is nn essential in making 
Judr kj rptnent , gkiss^ clay^ and porcelain goods, tlie production of iron^ a^ 
steel, and in th e metallurgi cal and refining industries. The relative 
weights of clay, finished product, and coal are about 40, 30, and 3, 
respectively, in making brick. Money-making brick plants usually have 
shale, fuel, and a market in close proximity to each other. At Danville, 
Illinois, a 6 -foot vein of coal underlies a bed of clay and shale about 45 
feet in depth, all of which is readily handled with steam shovels. This 
afTords an ideal combination of materials and greatly extends the com¬ 
petitive market range for the product. Likewise raw materials and fuel 
in conjunction with a nearby market are the essentials to profitable 
cement operation. The glass industry at Pittsburgh, in Indiana, Illinois, 
and Oklahoma is located with reference to fuel supply. An Illinois zinc 
company lias recently moved its smelting operations to the Texas Pan¬ 
handle, a thousand miles or more nearer its ore mines, and where nat¬ 
ural gas is available at a much less cost than Illinois coal, even though 
the company owned its own mines. 

Transportation. —Industries seek sites in localities favored with ade¬ 
quate transportation facilities. Of consequence are: (1) the number of 
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railroads available, (2) the service rendered, (3) convenient trunk line 
connections, (4) water transportation, (5) electric lines, (6) motor 
transport, and (7) rates. So far air transportation has not played any 
considerable part in deciding the industrial location problem, but its 
potentialities must be recognized. 


Railway Rate Structure. —Transportation service and rates are im¬ 
portant considerations in the assembly of raw materials and the distribu¬ 
tion of goods. More than any other one factor transportation limits 
market areas. To locate ideally with respect to raw materials and 
market, so that the combined freight charges will be lowest, involves a 
knowledge of the basis upon which rates have been developed.^ 

Our present rate structure is an outgrowth of many conflicting 
factors, among which are precedents, cost of service, length of haul, 
value of commodities, competition, unbalanced traffic, desire to develop 
localities and industries, volume and perishability of goods. Early water 
and rail competition established low rates which remain as a part of our 
rate structure, even after water competition had lost its effectiveness. 
Although often inequital)le, existing rates have built up regional industry, 
and commerce has established itself in accordance with them.^ To change 
existing rates radically would alter seriously the industrial map, change 
channels of trade, and jeopardize tremendous investments in physical 
plants. 

The rate structure is not inflexible, however, and traffic counselors 
and others interested seek and secure modifications favorable to new and 
expanding business interests. In this way inequitable situations are 
gradually overcome and progress is made. 

A central Illinois manufacturer with a newly acquired branch plant in 
Tennessee found that shipping costs from this branch totaled higher than 
if made from the Illinois plant, even though the bulk of shipments were 
to the south and southwest. Government agencies have recently pointed 
out that industrial development of tlie area in which the Tennessee 
Valley Authority is interested will necessitate an adjustment of freight 


^ As an illustration: Rates “break” at St. Louis and upper Mississippi River points. 
That is, shipments from points east of the Illinois-Indiana state line to territory west 
of the river are subject either to full combination of separate local rates east and west 
of the river, or to fixed diflPerences over rates from river points to the West and South¬ 
west. St. Louis shippers, for example, w'ould thus enjoy the lower basing rates against 
their long-haul competitors. 

^ It is interesting to note that Muskegon, Michigan, enjoys less than Chicago rates 
to Atlantic Coast points and Chicago rates to all Pacific Coast points. This fact, together 
with the advantageous labor situation as compared with Chicago, nearness to raw mate¬ 
rials, favorable climatic conditions, etc., has favored industrial growth. Coal from 
Kentucky is favored by low through rates, and is marketed in Chicago in competition 
with Illinois coal. Brick from Alton, Illinois, is marketed in Nebraska, North and 
South Dakota, and other states, due to favoring through rates. 
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rates to the north and east. The present structure of rates favors com¬ 
modities moving into the area and handicaps those moving out. 

Recent Developments in Railway Transportation.® —The compe¬ 
tition for freight traffic among the several transportation agencies finds 
the railways making substantial progress. Operating costs of transport¬ 
ing freight have been steadily reduced. In 1921 this cost was $10.78 a 
thousand miles; in 1929, $7.44; and in 1935, $6.63. In a recent moderni¬ 
zation program the Pennsylvania Railroad was able to handle more 
freight than formerly with 22,000 fewer cars. This was possible due to 
larger cars, faster schedules, and a reduction in time for yard and 
terminal operations. While freight movements have been speeded up by 
more than 60% in the past decade, rates have been decreased from more 
than 134 ^ ton-mile to an average of less than 1^. Special car equip¬ 
ment has been provided for many commodities, facilitating shipment; 
and portable steel containers provided for less-than-carload freight. 
Door-to-door pick-up and delivery service has greatly increased the 
volume of small lot shipments. Electrification in areas of traffic density 
permits faster hauls, heavier and longer trains, and thus increases the 
capacity of a given amount of track. Altogether, transportation efficiency 
has been more than doubled in the past 20 years. A continuing place for 
the railroad in industrial America is assured. 

Benefits of Competing Service. —Competition in service is desir¬ 
able, for the manufacturer is apt to receive better service and enjoy lower 
rates than he would otherwise. A location on a belt line railroad connect¬ 
ing with several trunk lines provides competition and eliminates local 
transfer charges. On competitive traffic, switching charges are absorbed, 
while on local or non-competitive traffic they are added to the rate. 

In Chicago, industry is served by an inner belt line and an outer belt 
line railroad, which connect with the thirty-eight railroads having 
terminals in the area. Incoming freight from any source is handled over 
the belt line to the receiving door of the plant to which it is consigned; 
and vice versa, loaded freight cars are transferred to the proper outgoing 
road. Belt lines expedite freight movements and save switching charges. 
Another example of a belt line railroad is that of a line extending in an 
arc from South Bend, Indiana, on the east, through Kankakee, Illinois 
(south of Chicago), and to Zearing, Illinois, on the west. This railroad 
crosses about three-fourths of the country’s main transcontinental routes, 
and thus affords a ready outlet and inlet for commodities produced or 
needed by industries in its territory. 

^ The Girard Letter, published by the Girard Trust Company, Philadelphia, Vol. 17, 
No. 2 
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Package Car Service. —^The larger cities and organized industrial 
districts have developed a “package” car service which does much to 
expedite less than carload shipments and provide customer service. All 
goods consigned to certain points are loaded into special cars, thus pro¬ 
viding carload shipments and direct fast service to those points. Where it 
is necessary to include shipments for two or more towns in one car, local 
trains pick up these cars at break-bulk points.'* 

Water Transportation. —Experience in the United States and Euro- 
countries indicates that railways naturally supersede rivers and 
Icanals as carriers of manufactured goods, and, to a very great extent, of 
raw materials for manufacture. This situation has come about in Europe 
where railway freight charges are much higher than in this country. The 
rapid development of highway truck transportation would seem to pre¬ 
clude any considerable development and use of rivers and canals. How¬ 
ever, a large volume of freight is transported on the Great Lakes. 

The New York Barge Canal connecting the Great Lakes at Buffalo 
with the Hudson River at Albany operates at a huge loss to the tax¬ 
payers. The same is probably true of the Ohio River and most other 
natural waterways if all the costs are taken into consideration. How¬ 
ever, the possibility of utilizing the projected Great Lakes-St. Lawrence 
waterway and the Lakes-to-the-Gulf channel for export and import ship¬ 
ments and long distance haulage of staple goods should not be overlooked. 
In the development of these channels, water power will be made available 
as well as cheaper transportation, lowering production and distribution 
costs appreciably. Coordination of our coastal shipping facilities and 
interior waterway traffic with railway and motor truck lines is important, 
to secure cooperation rather than competition. Scientific procedure along 
this line is essential to a comprehensive transportation scheme which 
will make possible the moving of the nation’s goods at the lowest possible 
sum total of cost. 

Highway Transportation.^’ —Of rapidly increasing importance is the 
gipwth of motor transport service. Networks of paved highways about 
our larger cities and extending from coast to coast are being utilized for 
inter-city and local shipments by truck. Transportation of freight by 
trucks is economical for distances up to 500 miles for most commodities; 
and some regular shipments are scheduled for much greater distances. 
Butter and eggs from the Middle West go to New York and eastern 

^ Chicago reports that 2,500 package cars leave that point by through freight each day. 

® The literature of industrial districts^ calls attention to the population and markets 
which can be served by motor truck service. Within a two-hour trucking radius of the 
port of Newark, New Jersey, for instance, is included the entire metropolitan district of 
New York and a population of nearly ten million. 
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markets via truck. Perishable fruits and vegetables are hauled from 500 
to 1,500 miles. Automobiles from Michigan are trucked for distances of 
1,500 miles. Where comparisons may be made between highway and 
river transport, it is found that truck deliveries are made in 10% of the 
time required by water and with a saving in mileage of about one~third. 

The advantages of shipping by truck are summarized as follows: ® 

Completed Service—From the shii)per’s i)lace of business to that 
of the consignee. 

Speedier Service—In many instances truck service is speedier than 
the railroad. Is likely to be faster tlian rail express service up to 
distances of 150 miles, but is inferior to such service for distances 
exceeding 350 miles. 

tracking Requirements—Truck vShipments generally require less 
packing; sometimes no packing. 

Flexibility of Service—More convenient. Many shif)ments may be 
made at night for early morning delivery, or as desired. 

I.owcr Cost—Trucking costs and trucking rates arc often less than 
rail rates, particularly for shorter hauls. For long hauls truck 
rates naturally exceed rail rates. 

Less Loss and Damage—Less than for rail or express shipments. 

Simpler Classification and Rates—Easier to determine classifica¬ 
tions and figure rates. 

The possible disadvantages of truck transportation include: (1) less 
dependability of schedules, (2) less responsil:)ility of owner of lines, 
(3) less stal)ility of rates, (4) less adequate protection and care of goods 
in transit and at delivery points, and (5) lack of intransit privileges. 
It is reasonable to assume that many of these disadvantages will be sub¬ 
stantially overcome as the service is developed. Where owners provide 
their own service, most of them will be eliminated. 

Express, Parcel Post Service, and Airplane. —Express service 
attracts the heavier, more valuable package business. The express com¬ 
panies provide a pick-up and delivery service, with receipts, and a 
C. O. D. service as well. They also insure against partial and complete 
loss for any amount up to $50 for 100 pounds or less and a declared 
value of 50^ per pound on larger shipments, without extra charge. 
Parcel post service is cheaper for short distances and for articles light in 
weight, for any distance. Upon payment of a small fee packiiges may be 
insured against total or partial loss for values up to $100. Express 


® Economics of Transportation, by David Philip Locklin, p. 734. 
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service is considerably faster than parcel post and packages are handled 
with greater care and less resulting damage. 

Freight and express shipments via airplanes are increasing for items 
of small bulk and high value. Even large shipments are possible, and 
the future of air transportation can scarcely be overestimated. Where 
long distances and difficult terrain must be covered quickly the airplane 
is frequently the best means of conveyance. 

Table 1 gives some comparative costs of express and parcel post 
shipments. 

Tabu-: I. Comparison of Express and Parcel Post Shipping Costs 

From Urbana, Illinois to 


New York Los Angeles 

Chicago (1,025 miles (2,375 miles 

(126 miles ) approx.) approx.) 

Weight of Parcel Parcel Parcel 

Package h'xpress Post Express Post Express Post 


1 poun I . $ .25 $.08 $ .25 $ .11 $ .30 $ .14 

10 pounds .30 .18 .65 .59 1.10 .95 

40 pounds .72 .51 1.84 2.18 4.68 3.65 

50 pounds .90 .62 2.28 2.71 5.07 4.64 

100 pounds . 1.60 .. 4.29 ... 9.93 


(The express rates include tlic usual iiisuraiice prolection.) 


Legislation.—National legislation whi ch establishes uniform wages 
and hours mav have some ettect on mdnstrinl Inratinn nartiVnlnrlv in 


the South where low wages and long hours were formerly the rule. A 
more direct influence is exerted by state legislation which affects costs of 


rices and 


tones. It is important, as it deals with: f 1) hours of labor, (2) emplo 


ment of women and children, (vl ) minimum waires. ( 4 ) conditions of 



ler states. In one middle-western state taxes 


and labor difficulties have caused manufacturers either to move out or 


to build branch plants elsewhere. In some cases reorganizations are 
effected so that production organizations in the state sell at cost to 
separately incorporated sales organizations located outside. By this 
arrangement objectionable taxes on profits are avoided. An important 
eastern state recently experienced a similar serious exodus of plants. 
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into industrial localities of border states. On the other hand, certain 
TTrtier states are seeking to attract industry by favora ble legislatio n. One 
southern state oJFers tax exemption for 10 years, and assurance of a 
friendly government. 


City Ordinances.—Municipalities are tending to segregate industry 
by zoning laws. This practice leads to certain areas being laid out and 
equipped for manufacturing, and obviates the possibility of future oppres¬ 
sive ordinances on account of proximity of business and residential sec¬ 
tions. An industry which is properly housed and located is a community 
asset and will be so regarded. Oppressive ordinances, useless inspections, 
zoning limitations, and traffic problems cause industries to leave city 
areas. 


Climate.—In some parts of the country the winters are long and 
cold; in the deep South the hot summers are to be considered. The 
South enjoys an hour more of sunshine than the North during the 
winter months, while in the summer the days are shorter. 

Automobiles and highways now make it possible for executives and 
employees to live in favored residential or rural areas within a radius 
of 25 miles of the place of employment. Air conditioning of factories and 
offices for comfort as well as for quality control is becoming general. 



Jan Feb. Mar. Apr. May June July Auq Sep. Oct. Nov. Dec. 

Z5 27 -38 46 57 65 67 6 6 61 50 39 28 Average Wet Bulb Temperature 

27 29 41 52 63 73 78 74 67 55 42 30 Average Fahr. Temperature 

82 80 77 73 68 68 64 68 71 70 75 82 Average Relative Humidity 



10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 


Web Bulb Temperatures 
Fahr. Temperatures 


Figure 20. Eflfect of Temperature on Death Rate 

(Data from Champaign County, Tllinots, Weather and Death Records, ten-year period.) 
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Again, it is well to appreciate that the people of a locality become 
acclimated. Ineffective labor supply in the past has frequently been due 
to insanitary arrangements, inadequate medical service, and low stand¬ 
ards of living, rather than to climate deficiencies. On the whole, the 
industrial areas of the United States are favored with an excellent 
climate, and some localities are particularly fortunate in this respect. 
While extremes are to be avoided, constant variability within moderate 
limits contributes to personal effectiveness. ‘'Each storm with its chang¬ 
ing skies, varying humidity, and slow rise and rapid fall of temperature, 
is a stimulant. Each raises our efficiency.” Climate may also influence 
the type of building construction and heating system installed. Hence 
it will have some bearing on operating costs. 

While the ideal climate does not exist, an approximation would be 
a locality whose winter months are favored with frosts, and where the 
temperature of summer days approaches 70 degrees F. Figure 20 shows 
graphically the relation between climatic conditions and health in a 
midwestern community and presents data of weather conditions which 
were conducive to a favorable death rate. 

Supply.—Water plays an important part in many production 
processes, and the plant which is dependent upon a considerable supply, 
and perhaps a certain purity, will need to ascertain the local possibilities. 
The water may be obtained through public service mains, or by drilling 
private wells or constructing reservoirs. In any event its cost will need 
to be determined, its quality analyzed, and the extent of the supply ascer¬ 
tained. Soft water is required by leather tanning plants and many others. 
A n adequate water supply is an essentia l in choosing site s for corn 
products plants, paper plants, and ore reduction works. P or these plants 
the water supply is important both as regards quality and quantity. For 
example, glucose syrups are rendered cloudy if sulphur is present in the 
water. 

The Hiram Walker & Sons distillery at Peoria, Illinois, pumps about 
thirteen million gallons of water each day from cold, limestone-bearing 
strata. The temperature of the water—from 48 to 52 degrees—is an 
advantage in operations, and the limestone base contributes to the quality 
of the product, 

For th^ydevelonment of steam power a gre at deal of water is needed; 
500 to 1,000 tons of water per ton of coal use3."^‘For certain industrial 
purposes, especially in the textile field, water should be free from 
turbidity; low as possible in organic matter, iron, manganese, or alum; 
and of zero hardness. Soft fabrics dyed in delicate shades demand w^ater 


Civilization and Climate, by Ellsworth Huntington, p. 123. 
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of the utmost purity; the clearness and brightness of the colors, even the 
feel of the goods, improves with the purity of the water. Penetration of 
the dyestuffs into the fibre; uniform results from batch to batch; 
productions of desired shade with a given dyestuff formula; avoidance 
of redyes; fastness of colors—all of these are dependent upon a chemically 
pure water supply. Clarification of any water supply by filtration costs 
an industrial plant from two to five cents per thousand gallons of water 
purified.’' ® 


THE LOCAL SITE 

Choice of a Local Site. —Of the many manufacturing enterprises 
whicli are well located geographically, perhaps 50% could be better 
situated locally. After the general location problem has been solved 
there still remains the opportunity to choose between : (1) a rural loca¬ 
tion; (2) a suburban site; and (3) a city location. The range of choice 
may even be increased by consideration of the varying sectional advan¬ 
tages of a city, the adjoining industrial towns—which are really a part 
of it—and privately organized and controlled industrial districts. 

Factors Influencing Choice of Local Site. —Influencing factors in 
a choice of a local site are: (1) land values; (2) character of site—that 
is to say, the contour of the ground, soil conditions, and the shape of the 
plot; (3) room for expansion; (4) public improvements, such as sewers, 
power lines, water and gas supplies, pavement, and transportation facil¬ 
ities; (S) trackage and shipping facilities; (6) presence of smoke, dust, 
dirt, odors, or noise; (7) adequacy and character of the labor supply; 
(8) disposal of waste; (9) taxes; (10) building restrictions; and (11) 
express and postal service. In addition tliere may f^e added the questions 
of raw material sources and local market, as in the case of a food i)rod- 
ucts plant dependent upon packing house by-products. 

In small towns and rural communities the solution may be fairly 
obvious, but the experienced investigator with a thorough appreciation 
of production problems and costs frequently is able to make some 
unlooked for and valuable suggestions. In the larger industrial centers, 
the problem assumes a complicated form and requires an intimate 
acquaintance with existing conditions. 

Rural Locations and Small Towns. —A rural or isolated location 
may be sought by the large plant independent of other industries, 
capable of creating its own environment and with little interest in local 

® "Industrial Advantages of a Paterson Location,” by Herbert S. Swan, booklet 
issued by the Industrial Commission, City of Paterson, New Jersey, p. 37. 
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markets. Cheap land, low taxes, absence of building and operating 
restrictions, room for expansion, opportunities for creating ideal produc¬ 
tion arrangements, and greater freedom from radical labor influence upon 
employees are strong appeals. The building of independent communities 
is an expensive task, with many obstacles in the way of success. The 
responsibility of the management for the workers' welfare is greatly 
increased, but the provision of ideal surroundings and opportunities for 
“living” to the workers and their families should develop a loyalty and 
cooperation not measurable merely in dollars and cents. To this end, 
freedom of thought and action must be enjoyed by the worker, and 
opportunity to own his own home, and steady employment at an adequate 
wage. Paternalistic control and direction is almost certain to prove 
objectionable. Cooperation which helps the workers to help themselves 
is more likely to succeed. 

Small plants moving to country towns should plan ahead carefully 
and provide in advance for housing and improvements to which city 
workers are accustomed. The experience of a band instrument concern, 
in moving from Chicago to a small Wisconsin town, is enlightening and 
perhaps typical. The management reports very satisfactory freight, 
express, and mail service for the business. Considerable difficulty was 
at first exj)erienced in j.)roviding living quarters for the 40 or SO families 
which they took with them, and they were required to build 27 new 
homes. Living costs were not much cheaper and wages were not low¬ 
ered. Later, wages were increased, the intimate contact of managemeni 
and men and the improvement in morale making it possible to handle 
twice the business with the same number of people. They report a waiting 
list of skilled workmen desiring to move to a rural location. Certainly 
the lure of the city has lost much of its potency as a result of wide¬ 
spread ownership of automobiles and radio sets, universal movies, and 
paved highways. 

Til an article entitled “Should Factories Go Back to the Farm?” 
W. R. Bassett quotes the views of a number of factory executives.® 
Points brought out are these: Paternalism is not a substitute for wages; 
labor is tied to the employer in the small town; seasonal industries en¬ 
counter difficulties on account of the labor supply; costs do not stop when 
plants are shut down; and farmer labor in factories, intermittently, is 
not a success. However, the characteristics of a small town labor supply 
are generally favorable. They include health, thrift, ways of living which 
do not tax physical or nervous powers unduly, intelligence, and capabil¬ 
ity in connection with mechanical tasks. A background of farm life 

® “Should Factories Go Back to the Farm ?’’ by W. R. Bassett, Factory Management 
and Maintenance, Vol. 26. No. 12, p. 1381. 
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with its extensive use of farm machinery seems to provide a good 
preparation for many industrial occupations. Many small isolated plants 
are being operated successfully. Workers may live nearby or in the 
countryside, and include many who would not otherwise find profitable 
employment. 

City Locations. —The big city location is apt to be characterized by 
just the opposite of conditions favoring the country location. Land will 
be costly, taxes high, building codes and ordinances restrictive, room for 
expansion unobtainable, and radical leadership of workers a factor* to 
deal with. Nevertheless, an analysis of the essentials for economical 
production and distribution will indicate that the city location is prefer¬ 
able in many instances. An ample local market, diversified and seasonal 
labor supply, public utility service, nearness to the business center, and 
allied industries are often of major importance. Small factories seek 
space with others and an opportunity to benefit by the industrial environ¬ 
ment which large institutions have created. 

In a city like Chicago, for instance, the labor needs of a plant would 
influence very greatly its location; likewise the nature of the production 
operations carried on, the extent and character of its incoming and out¬ 
going shipments, advertising value of the plant, etc. Light manufac¬ 
turing operations seek sites adjacent to residential districts, housing 
themselves in attractive buildings to minimize neighborhood opposition. 
Engraving plants, pen and pencil manufacturers, and various specialty 
enterprises are examples. They provide employment for many women 
workers. These women will not seek work in the regular industrial 
districts, but accept employment and prove unusually capable when 
pleasant work nearby is offered. Such an arrangement is conducive to 
a satisfied, contented, and hence efficient staff, the most important factor 
in the production machine. 

Suburban Locations. —The suburban location affords a compromise 
between the city and country location. The medium-size plant is quite 
apt to locate there. Nearly all of the advantages of city location are 
present, including shipping facilities, proximity to labor supply, public 
utility service, nearness to allied industries and the local market. Land 
will be cheaper, taxes less, and room for expansion available. The small 
industrial towns adjoining many of our large cities are indicative of the 
tendency to move out from the congested centers and seek the advan¬ 
tages of suburban location. Unfortunately some of them are simply 
‘‘work towns” without much thought expended for the well-being of 
employees and their families. A greater interest by industrial executives 
in civic improvement and the maintenance of conditions conducive to a 
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high standard of citizenship will do much to improve some of these 
towns as well as to lower production costs. Workers reflect their environ¬ 
ment in their work and attitude toward the company. Furthermore, each 
person on a payroll—in the estimation of some politicians—influences 
from twenty-five to forty votes; and this force in community affairs is 
important indeed to business and industry. Care should be exercised in 
choosing a locality which, satisfactory in other respects, is not deficient 
in the matter of public attitude. If so, policies of administration and 
management should prove a corrective influence, for business and indus¬ 
try merit public approval. 

Waste Disposal—Topography of Site.—Disposal of waste at a low 
cost or even at a profit may sometimes be accomplished by judicious 
choice of site. Low ground may be filled in and made valuable. A 
foundry in Michigan provided for a finished grade 5 feet above the 
natural ground level, in this way converting otherwise unusable ground 
into a valuable area. Another factory availed itself of the clay pits of an 
abandoned brickyard as a dumping ground. Sanitary regulations are 
becoming more stringent, and streams may lio longer be polluted. Pater¬ 
son, New Jersey, has solved the problem of waste disposal for its 
industries through the construction of the Passaic Valley Sewer. Restric¬ 
tions upon waste disposal which necessitate altering processes or the 
installation of treatment plants add to costs. 

Unusual topograpliy may permit entrance to a plant on different 
floor levels, reducing cost of handling heavy and bulky materials, and 
facilitating straight-line production. The shape and placement of a site 
determine layout possibilities, location and space needed for rail sidings, 
traffic hazards and difficulties, and accessibility to offices. 

Organized Manufacturing Districts.—The privately organized and 
controlled industrial districts have much to recommend them. They are 
to be found in most metropolitan areas. The Bush Terminal in Brooklyn, 
the North Kansas City Industrial District, and the Central Manufactur¬ 
ing District and Clearing Industrial District in Chicago are typical of 
many. Those at tide water naturally appeal to industries manufacturing 
for export or coastal trade, utilizing imported raw materials or products 
from nearby industries, or perhaps catering to big city markets nearby. 

Central Manufacturing District of Chicago.—^The Central Manu¬ 
facturing District of Chicago offers a good example of a privately 
operated industrial community. It offers manufacturers and distributors 
every modern facility for successful operation. It is in the center of the 
Middle West and of national markets. Situated close to the geographic 
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center of Chicago, it possesses every advantage in the matter of local 
distribution. The Chicago Junction Railway, a belt line connecting with 
all the 38 trunk lines entering the city, provides railway service. Every 
factory has its own private switch track, and is given free switching on 
both carload and less-than-carload freight, whether inbound or out¬ 
bound. Outgoing shipments of less-than-carload freight are taken to the 
Union Freight Station and distributed to the various railroads, where 
package car service is received and dispatched through the Union Boat¬ 
house on the Chicago River, or from railway sidings, and in addition 
locations may be had with water frontage. 

The location of the district close to the population center is also an 
advantage for the manufacturer. Within a radius of four miles there is 
a population of a million and a quarter, and within easy walking dis¬ 
tance are several labor sections that are noteworthy. These contain 
German, Lithuanian, Polish, and other nationalities, and in them are 
resident thousands of young, intelligent workers born or educated in 
this country. The location of the stockyards close by, employing men 
workers almost entirely, suggests the plentiful supply of women workers 
available. 

Intelligent and experienced aid is given in building factories ready for 
occupancy. This includes the scientific planning of both the site and the 
building by industrial specialists, the dependable construction of the 
building, with every consideration for efficiency, and the financing of the 
project if desired. The efficient layout of the ground in itself insures 
that an industry in this district will be in a zoned section where the 
buildings are all of substantial, attractive character, and where tliere will 
be no lines represented which are in any way objectionable. There are 
ample light and air for each building, with lawns, flowers, and healthful 
surroundings. The streets are owned by the district, arc paved and 
lighted, and sewer, gas, water, and fire hydrant services are provided. 
Suitable buildings are built and rented for a term of years, the rent 
charged amounting to 6% of the value of the land and 9% of the value 
of the building; insurance, taxes, and maintenance are added. Or 
buildings are built and sold on a purchase contract which requires a 
payment of 25% down and the balance spread over 10 or 15 years. 
Speculation in locations and land values is eliminated. 

A traffic bureau has been organized by the industries in the district 
which attempts the solution of all the traffic problems of the members 
and whose work has been particularly notable in securing the operation 
of all the truck lines in the interest of the local shippers. 

In one section of the district there is a group of buildings in which 
the tenant may secure central heat from a power plant equipped with 
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every modern device, at a cost lower than he could hope to produce it. 
He can also secure central sprinkler service, thus avoiding the necessity 
of installing his own sprinkler tank and pump and evading the responsi¬ 
bility of his own individual supervision and care of this equipment. He 
can also secure a tunnel connection with a nearby universal freight 
station through which his less-than-carload shipments and receipts can be 
handled expeditiously. Shipments to and from the station are moved on 
the trucks and trailers which he uses in his own warehouse or factory. 

In the vicinity a bank is available which offers local service of a high 
character and possesses an understanding of industrial needs. Nearby 
also is an executives’ club which provides excellent restaurant facilities, 
private dining rooms for business engagements, and a lounging room as 
a convenient rendezvous for business appointments. Special district 
service is provided in the way of express, telegraph, telephone, postal, 
and hospital facilities. Electric power may be purchased from competing 
companies at very favorable rates. Insurance rates are low owing to the 
character of the buildings, their arrangement, and the protection fur¬ 
nished. 


Technique in Solving Location Problems.—The executive needs 
to know or anticipate the total costs of doing business in one location 
as compared with others. These may be calculated as follows for a 
given volume of output for a month or year; or per unit of production, 
as a barrel of cement, ton of castings, or 1,000 of brick. 


Volume of Product 

Cost of raw materials . 

(Includes purchase price at logical sources for the location con¬ 
sidered, plus transportation charges to site.) 

Cost of manufacture . 

(Includes all operating and overhead costs, as salaries, wages, 
interest on investment, taxes, insurance, power, depreciation and 
obsolescence.) 

Cost of marketing . 

(Distribution costs for all goods produced can be estimated 
from experience or on the basis of market analysis.) 

Total . 


$ . . . . 

$ . . . . 

$ . . . . 

$ . . . . 


Comparable estimates for several possible locations will disclose the one 
which is most strategic. Needless to say, skill and judgment are requi¬ 
sites to analyses which reflect accurately the factors involved, especially 
future trends. Some influencing forces cannot be reduced to figures, and 
will need to be considered separately, as possible legislation, labor 
developments, adequacy of raw materials, technological progress, and 
shifts in the market. 
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Those thoroughly experienced in industrial operations are frequently 
able to give consideration to the factors involved by '‘weighing” each 
factor in accordance with its cost influence. A background of cost 
information obtained from individual establishments and through trade 
associations aids in evaluating their relative importance. For example, 
power costs might have a weight of 20 points in a total of 100. A pro¬ 
spective location receiving the greatest sum total of points, all factors 
considered, would presumably be the most advantageous. 

The census of manufacturers divides industries into about 350 classi¬ 
fications. At least 130 of these are found to be dependent upon low 
cost power and labor, or both, as these factors make up over 50% of the 
cost of production. About 50 of these industries would need to be located 
near raw materials. About 80 of them would be free to choose a location 
on the basis of power, labor, and transportation facilities. 

Various engineering and consulting agencies are prepared to make 
studies and render reports in this field. State and regional commissions, 
railroads, and chambers of commerce are prepared to furnish information 
and specific data on particular locations. 


Goyeriuriental Influences on Industrial Location*— The National 
Resources Planning Board was a Federal agency created to study and 
plan for the development and best utilization of natural resources in 
the various areas of the country. Until abolished in 1943 plans for 
regional improvement were formulated through a system of field offices, 
and an endeavor made to unify and balance industrial production on a 
national scale. These efforts will be continued through other govern¬ 
mental agencies. The objective is to promote, all things considered, the 
best local, regional and national development. In this work state groups 
also play a part. The State Planning Commissions give thought to 
the location, diversity, and extent of manufacturing in particular areas, 
and the problems which have resulted from existing maladjustments, 
likewise, local organizations have been created to aid in solving the 
problems incident to overcentralization and specialization of industry in 
particular localities, as the Mahoning River Valley in Ohio, and the 
Detroit area. Functioning as fact finding and advisory groups they 
give aid in bringing about the healthy economic environment needed as a 
basis for social well-being. Individual industrial management utilizes 
the information made available in reaching decisions as to desirable 
locations. 



CHAPTER 9 


PLANNING THE FACTORY BUILDING 

The Building as a Tool.— The provision of buildings is an impor- 
tant phase in the business of manufacturing . It is naturally a task which 
occurs at the inception of the enterprise, but it is not merely a preliminary 
step which must be taken before manufacturing can begin. Planning the 
factory building is the first aspect of layout and tooling work, and 
should be regarded in this light. Just as the smaller tools and general 
layout fulfill a particular function in the production of the finished 
product, so does the plant building by its design and arrangement func¬ 
tion to make production easier or more difficult. 

W hile the plant b uildin g is, of course, constructed prior to ac tual 
man ufacturing processes, its design should be form nlatpH only 
details of the manufact uring process have been wo rked out^ The build- 
ing is an organic and integral part of these processes. Since this fact 
has become evident progress in building design has made great strides. 
Specialization of manufacturing processes has brought with it specializa¬ 
tion in building design suitable to house those processes, and this has 
increased the difficulties and complexities involved in planning a building. 
For this reason the executive charged with the task is frequently 
perplexed. 

In handling the problem the executive can turn either to his own 
staff, to architects and engineers, or to recognized specialists in this field. 

Use of the Plant Organization.—It is seldom advisable for the 
factory executive to use his own staff in making plant extensions. It 
must be recognized that the building industry is a highly developed 
business, requiring the close coordination of many specialized groups, 
and the intelligent, experienced efforts of men trained in the business. 
Factory executives, draftsmen, purchasing agents, superintendents, fore¬ 
men, and workmen invariably prove novices when handling unfamiliar 
tasks. The functions performed may be the same, it is true, but the 
experience called for and the technique involved are radically different. 
Even building laborers are semi-skilled, and a factory worker on a 
building job seldom proves more than 50% efficient. Differences in 
accomplishment are equally noticeable among those higher in the organi¬ 
zation. On unusual work of this kind it is difficult, if not impossible, 
to establish and maintain standards of performance or even to make cost 
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comparisons, and expense may mount to a high figure before becoming 
apparent. This inability to check costs extends to materials and adminis¬ 
tration as well as labor, for experience will be lacking in selecting and 
purchasing materials and in solving the multitude of problems which 
arise. 

Every contractor realizes the great importance of careful preplanning, 
successful coordination of the various trades and phases of the work, 
and skilled direction of the workmen. Lack of judgment and ability in 
these respects increases job costs enormously, and the industrial execu¬ 
tive may well leave the task for those who are in the business. There is 
probably no other industry in which low labor costs are so dependent 
upon the skilled choice and direction of workmen, or where costs may 
double or even triple without apparent reason. 

Observation and experience indicate that building i)rograms handled 
in this way take much more time and attention from all concerned than 
was anticipated. They inevitably disrupt the routine production inter¬ 
fere with service to customers, and take the time and thought of execu¬ 
tives with resulting confusion throughout the organization. Few firms 
which maintain construction crews for repairs and maintenance attempt to 
handle major operations. They have found that the specialized talent 
required is found in particular organizations and that the use of this 
specialized service pays dividends on its cost. 


Services Offered by Architects and Engineers.—The employment 
of an architect usually provides for the preparation of plans and specifi¬ 
cations, the letting of general contracts, and the suj^ervision of construc¬ 
tion. In this way much of the responsibility is delegated to qualified 
men. Strictly speaking, however, the design of factories has little rela¬ 
tion to general architecture. To handle the task recpiircs a thorough 
knowledge of the production processes to be cared for, and an under¬ 
standing of factory management and production control, including an 
appreciation of the reaction of the workers to the equijmient and facil¬ 
ities provided. These subjects are foreign to the training of the typical 
architect. It is scarcely possible that he will look upon the task as that of 
fitting a housing scheme to a production machine—which he has also 
designed or at least analyzed and checked carefully—so that it will func¬ 
tion as a part of the machine itself. This is a decidedly prosaic, utili¬ 
tarian, dollars-and-cents-halanciiig job, calling for a wide range of engi¬ 
neering and production talent, and an understanding of the psychology 
and needs of labor. Architectural design will prove to be a minor feature. 
If the architect acts mainly as a draftsman in carrying out the owner's 
ideas, the owner is failing to secure the benefit of much concentrated 
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intelligence in such matters which is available, and which his fee to the 
architect might well obtain for him. 

It may be that the architect has outgrown his title and perfected an 
organization capable of serving an industrial clientele in the manner sug¬ 
gested. There arc many who are thus capable, but it is very disconcerting 
to the factory executive, who imagines that all architects are conversant 
with and proficient in industrial building design, to find out too late that 
he is mistaken. Many engineers, because of their restricted training, 
experience, and practice, are subject to the same criticism as many archi¬ 
tects as regards ability to handle industrial projects in an adequate way. 

It has been well said that industrial plant design has passed through 
three stages. The first stage was when factories were housed in “just 
buildings”; the second, when architecture was employed to improve the 
appearance of such structures; and the third, the present stage, when 
industrial buildings are designed to “fit the processes” carried on within 
them, and form an integral part of the production scheme. Many such 
recently constructed plants may be looked upon as in themselves “big 
machines” containing and coordinating all the “little machines.” 


Specialists in the Field.—It was inevitable with the increasing im¬ 
portance, progress, and keener competition in industry, that there should 
develop specialists in industrial layout work, building design, and con¬ 
struction. Firms handling work of this kind operate under various 
names, and firm titles are not a sufficient identification or assurance of 
satisfactory service. The inquiring industrial executive must know the 
character of their personnel, the results which they have achieved, and 
their methods of getting results, if he is to judge the probable value of 
their service to him. Certain firms, because of the volume of business 
which they have handled in connection with the metal trades industry, 
the textile industry, etc., have practically become specialists in those 
lines, but usually firms of this character are capable of handling factory 
engineering problems in almost any industry. 


Preliminary Work.—The procedure involved in engineering a new 
plant is suggested by the following steps.^ 

1. Compilation of basic information. 

2. Process design. 

3. Estimate of cost. 

4. Specifications—materials, equipment, and construction. 

5. Design for construction. 


^ “Engineering the New Plant,” by Thomas W. Hopper, Factory Management and 
Maintenance^ Vol. 96, No. 4, d. 60. 
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6. Selection, purchase, and delivery of materials and equipment. 

7. Construction. 

8. Preliminary operation. 

The work involved in the first two steps may be performed or shared 
by the owner’s organization, or if desired, undertaken by the engineering 
organization. Responsibility for the succeeding steps will rest with the 
latter organization, subject to advice and approval from the former. 

Some firms of industrial architects and engineers do not engage in 
actual building operations. Such firms would supervise the taking of 
bids and letting of contracts for the owner, and provide the needed 
supervision and control of building operations. For small projects a 
general contract would be awarded, and the necessary inspection and 
supervision provided by representatives from the central office. For 
larger projects a different plan is often used to advantage. Instead of a 
general contract to a firm who would in turn let sub-contracts covering 
different phases of the work, contracts are awarded direct to those who 
will do the work. A resident engineer who is paid by and represents 
the owner is then placed on the job. His task is to coordinate the work 
of the several specializing contractors, to supervise construction opera¬ 
tions, and to expedite the work. In this way pyramiding of costs by the 
inclusion of profits for the general contractor on the work of sub¬ 
contractors is avoided. The resident engineer reports to and cooperates 
with the architect’s office, which awards all contracts subject to the 
owner’s approval, audits bills, and looks after clerical and detail work. 
The owner and his organization are relieved of unfamiliar duties in con¬ 
nection with the project, depending upon those who are expert in this 
field. 

It is important to note that with this method the architect functions 
in a strictly professional capacity, having only the owner’s interest to 
conserve. He does not sell construction labor or materials, and his com¬ 
pensation consists solely of a fee or per cent of cost, as previously agreed 
upon. When an owner tells such an organization what he wants to 
manufacture and in what quantity, they will create an efficient plant for 
the purpose, fully equipped and ready to operate, and if desired, will 
provide operating assistance until the plant is functioning smoothly. 

Standard Factory Buildings.—The possibility of furnishing many 
different customers with buildings of the same kind led to the introduc¬ 
tion of factory-made industrial buildings. At the present time there 
exists a considerable latitude in the choice of sizes and designs. Leading 
firms in this field also maintain architectural and engineering staffs to 
design special structures, or at least to adapt standard designs to the 
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individual needs of clients. A leading firm sets forth the following 
advantages of standard building service: 

A method of erecting permanent and substantial buildings in the 
fewest number of working days—eliminating by standardization 
and quantity production delays otherwise unavoidable. 

A method which provides for various industrial types of construction 
by standardization of designs and specifications. The time ordi¬ 
narily required for the preparation of special plans is saved. 

A method of pre-construction work which prepares and holds stocks 
of fabricated steel, steel sash, roofing, lumber, and other materials 
at strategic points and delivers them to any job with dispatch. 

A method of figuring costs which places the production of industrial 
buildings on a definite price basis by any form of building contract 
the owner may prefer. 

A method which delivers a thoroughly satisfactory building, meeting 
every requirement of the business with the least expenditure of 
the owner’s time and money. 


We design, build, and equip factory buildings and industrial power 
plants, complete with all machinery, ready for operation, according to our 
plans and specifications as approved by the owner. 

This method of placing the entire responsibility for a finished structure 
with one organization has proved over a long period of years of practice to 
have many advantages: 

1. It is usually more economical to have one contract and one respon¬ 

sibility. 

2. It insures better coordination of engineering design, construction, 

and purchasing of materials and equipment. 

3. By un-interrupted progress of the work, it insures an earlier com¬ 

pletion date for useful occupancy of the structure. 

4. It eliminates possible arguments as to responsibility. Arguments 

cause delays and are often costly. 

We also make surveys of plants including buildings and equipment, re¬ 
porting to owners our findings and conclusions as to possible needs of 
replacements, additions, or revisions in structures or equipment. 

We guarantee price, delivery date, quality of workmanship, and mate¬ 
rials. 

We will furnish quickly and cheerfully, preliminary sketches and esti¬ 
mates, free of cost or obligation.^ 

A factor which carries much weight with an owner is that he may in 
one contract place full responsibility for the project in its entirety, and 
at a stipulated cost. 


^ The H. K. Fer£uson Company, Qeveland, Ohio. 
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Firms in this field act not only as architects and contractors, but as 
merchants. When a client’s needs cannot be met with a standard design, 
modified or special designs are prepared. 

The advantages of standardization applying to the earlier all-steel 
structures marketed, are of less importance when mill construction, 
masonry, and reinforced concrete are utilized, or changes effected in stock 
design. It may be more economical to ship materials directly from points 
of origin than from stock, and fabrication in advance is not feasible, 
except with steel. No advantage is gained in economy and speed of 
construction under these circumstances. The professional architect or 
engineer has nothing to sell but his services. As an expert he may 
impartially develop the most advantageous layout, prepare suitable plans 
and specifications, proceed to let contracts, and supervise construction 
with only his client’s interests in mind. When he becomes a builder 
and merchant he no longer represents the client in the purest sense. Ilis 
interest is divided. 

The industrial executive is seldom qualified to estimate values accu¬ 
rately in this field, because of lack of technical knowledge. When he 
buys a complete building service from one company he may well employ 
impartial technical counsel in analyzing quotations, adequacy of designs, 
and completeness of plans and specifications. Should such an offer prove 
acceptable, it is desirable that the owner appoint a capable construction 
man to check the details of construction as they proceed. 

Analysis for the Design of an Industrial Plant.— 

1. The product 

(a) Article or articles 

(b) Quantity 

(c) Production analysis 

2. Plant layout 

(a) Floor plans and department arrangement 

(b) Machine and equipment locations 

(c) Shop transportation system 

3. Buildings 

(a) Number of buildings and type 

(b) Materials used in construction 

(c) Material markets 

4. Administration 

(a) Office layout and location 

(b) Clerical staff locations in plant 

(c) Entrances and exits, etc. 
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5. Employees 

(a) Personnel department 

(b) Hospital, rest and recreation facilities 

(c) Cafeteria service 

(d) Club activities 

(e) Athletics 

6. Power 

(a) Source and kind 

(b) Distribution and availability 

7. Heating, lighting, air conditioning, and sanitation 

8. Transportation 

9. Fire protection 

10. Water service 

11. Sewers 

12. Site and surroundings 

13. General information 

14. Consideration of preliminary plans and estimates 

(a) Revisions and adjustments 

(b) Study to determine whether proposed plans are justified 

considering the cost in relation to the business 

(c) If necessary modify program, but so as to permit ulti¬ 

mate development along ideal lines 

15. Final determinations and action 

TYPES OF CONSTRUCTION CONTRACTS 

In considering the choice of a building contract it is well to remember 
that ‘‘Everything has its price; and if that price is not paid, not that 
thing but something else is obtained.’' Morton C. Tuttle, president of the 
Morton C. Tuttle Company, also points out that the owner must deter¬ 
mine the requirement of his project. “Thus, the paramount requirement 
of one project will be low price; of another, speedy completion; of yet 
another, the highest possible quality of materials and craftsmanship.” ® 
Depending upon these and other factors, the arrangements for con¬ 
struction service may take the form of contracts on a (1) lump sum, (2) 
percentage, or (3) cost plus basis. 

Lump Sum Contracts.—^As a basis for receiving lump sum con¬ 
tracts, definite plans and specifications are prepared covering the work 
to be done. It will be appreciated that the interests of owner and con- 

® “The Choice of a Building Contract,” by Morton C. Tuttle, monograph issued by 
the Morton C. Tuttle Company, Boston, Mass., p. 4. 
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tractor diverge immediately upon the signing of the contract. The owner 
desires and expects the completion of the contract as he understands it 
for the price stipulated and in the time set. The contractor must depend 
for his profit upon his ability to accomplish this result under conditions 
which arise during the progress of the work. If he is subjected by the 
supervising architect or engineer to requirements he did not foresee, or 
encounters difficulties not apparent when he assumed responsibility for 
the completion of the work, his chances for realizing a profit are im¬ 
periled. Under such circumstances there may be a tendency to slight the 
work and demand high prices for extras. 

Notwithstanding its defects this form of contract is used in the 
majority of cases. Many of its disadvantages are obviated l)y the prepara¬ 
tion of adequate and complete plans and specifications, provision for clear 
understanding as to conditions of performance, competent and impartial 
supervision of construction, and selection of capable and reliable con¬ 
tractors. 

Percentage Contracts.—Under this form of contract the contractor 
agrees to complete the work according to plans and specifications. The 
owner agrees to reimburse him for the cost of doing this and pay him a 
fee for the service rendered, amounting to a certain percentage of the 
cost. In almost all cases an estimate is prepared before the work starts 
which it is believed represents about what the cost will be. In some 
instances the contractor is required to guarantee that the cost will not 
exceed a certain amount, and he may share in the savings effected below 
estimated costs. If plans have not been fully completed before the job 
is started the owner may not appreciate the probable cost, and because 
of the uncertainty of plans the work may cost more than it should. Hesi¬ 
tation or delay in pushing a job to completion adds to the cost out of all 
proportion to the work accomplished. It may be contended that there is 
not the same incentive to bargain for materials and liold labor payrolls 
to a minimum in connection with such jobs. 

When the work is of such a nature that it is difficult to prepare accu¬ 
rate estimates, or where abnormal conditions prevail in material and 
labor markets, this form of contract may be advantageous. Its use implies 
faith in a contractor’s ability and honesty. 

Cost-Plus Contracts.—With the payment of a fixed fee to the con¬ 
tractor for a specified service, payment for prearranged items, such as 
equipment rentals, allowances for depreciation, etc., plus the cost of the 
work complete, many of the evils of the percentage form of contract are 
eliminated. With this arrangement the contractor is on the same basis as 
an attorney, physician, or other professional man. For his ability in his 
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Figure 21. Graph Showing Fluctuations in Building Construction Costs 
in the United States 
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line of work he is paid a certain sum for accomplishing a definite result. 
Pride in achievement and consideration of his business future will cause 
him to give his best efforts to the task. However, he does not have a loss 
to suffer in event of failure as in the lump sum contract. This form of 
contract is frequently used when conditions of performance are uncertain 
or variable, or when speed in beginning and completing the work is 
urgent. The results obtained under this arrangement will vary directly 
with the ability and integrity of the contractor, providing he is not 
hindered by the owner. 

The Time to Build. —There is a proper time to spend money for 
expansion of plant facilities, or to build a new plant. Reference to 
Figure 21 will show that building costs vary greatly. 

Expenditures for physical equipment during a period of high prices 
impose permanent interest charges not ordinarily warranted by profits in 
normal times. Unless the anticipated immediate profits will more than 
equal the abnormal cost of providing facilities a concern may profit more 
by foregoing additional business until construction costs are lower. 
Severe losses have been incurred by firms building plants at peak prices. 

Lease or Purchase of Manufacturing Plants. —The advantages of 
leasing may be summarized as follows: 

1. Minimizes necessary investment in fixed assets. 

2. Permits use of practically all company’s capital, except as needed 

for equipment, in operating costs. 

3. Lessens need for bank loans and capital investment. 

4. Frees the manufacturer from ownership risks and obligations, 

such as fire, tornado, or value changes. 

5. Depreciation, obsolescence, tax problems are reduced to fixed 

charges. 

6. Postpones building until opportune time when costs are low, or 

until company requirements are definitely known. 

A manufacturer with a satisfactory credit rating can select his site, 
have a building designed and erected to suit his individual requirements 
as to size, type of construction, arrangement, and equipment, and lease 
the completed property for a term of years. The rental cost would prob¬ 
ably amount to about 10% or 12% of the investment. 

The purchase of an existing plant may prove feasible under certain 
conditions, as when it is desirable to begin production operations quickly, 
or advantage can be taken of low values of existing properties. Careful 
thought, however, should be given to location, necessary repairs and 
maintenance charges, taxes, insurance, and, above all, to the costs of 
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operation in the plant. Low purchase price figures are likely to prove 
misleading in considering all costs over a period of years. 

Types of Industrial Buildings. —The enclosure of production equip¬ 
ment and administrative facilities results in buildings of distinct types 
which may be classified as follows: 


1. Single-story buildings. 

(a) Structures with ordinary ceiling heights and column 

spacing. Special roof construction for additional light 
and ventilation may be provided. 

(b) Structures designed to secure large unobstructed floor 

areas. Natural light and ventilation obtained from 
above by special roof designs. 

(c) Structures with increased height of walls to permit the 

installation of overhead crane service, to facilitate ven¬ 
tilation, or because of trusses used in obtaining maxi¬ 
mum areas of clear floor space. Combinations of struc¬ 
tural and equipment features are common to this kind 
of building. 

2. Multi-story buildings. 

3. Coml)inations of multi-story and single-story buildings. 


Multi-Story or Single-Story Plants. —Various factors may influence 
tlie choice of types for a factory or for individual departmental buildings. 
Considerations influencing one-story constructions ipight be as follow^: 

Low cost of ground area. 

Ample room for expansion. 

/Equipment used unusually heavy or licavy capacity overhead 
crane service required. 

Materials worked upon or products unusually heavy or bulky. 
Lighting and ventilation needs. 

Hazardous or otherwise olqectionable occupancies. 

'Assembly of heavy or bulky units. 

More efficient routing scheme possible. 

Time saved in handling materials. 

Operating costs may be less. 

Greater flexibility with regard to layouts. 

Factors suggesting multi-story construction are: 

High cost of ground area. 

IJmited area of site. 

Product light in weight and of small bulk. 
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4. Machinery and equipment light in weight and readily adjusted 

to usual layouts. 

5. Possible better coordination of departments in a vertical plane: 

(a) Reduction in distance between departments or processes 

(b) Utilization of gravity. 

6. Economy of construction. 

7. Assembly of small units. 

8. Ease of expansion, if anticipated. 

9. Freedom from street noises, absence of dirt, and in some locations 

possibility of better lighting and ventilation 

10. Opportunity to use top story for departments needing advantages 

of single-story buildings 

11. Natural topography of site. 

Multi-story buildings are usually more expensive per square foot on 
the basis of productive floor area, even though land costs are high. The 



Figure 22. View of Plant of Richards-Wilcox Manufacturing Company, Aurora, 

• Illinois 

proportion of roof and foundation areas to floor space, necessary story 
heights, cost of ground areas, and space occupied by stairways, elevators, 
enclosing walls, and columns all must lie considered. A single-story 
structure may require two acres of ground and provide a usalile work¬ 
ing area of about 96%, as compared with a multi-story building occupy¬ 
ing one-half an acre having a usalile area of 82%.With the trend 
toward decentralized production and the use of medium-size and small 
plants, more single-story plants are being built. 

Figure 22 shows two types of single-story construction. In the fore¬ 
ground the monitor over a wide center bay provides light and air and 

^Booklet, “Multi-Story or Single-Story—Which?” The Austin Company, Cleve¬ 
land. 






PLANNING THE FACTORY BUILDING 


143 


Ch,9] 

houses traveling cranes serving the entire length of the structure. In the 
background ordinary sawtooth construction houses machine departments 
requiring good light, but where ventilation or clear floor space is not an 
influencing factor. Foundries provide examples of type 1(c), of which 
Figure 91, page 279, is a good illustration. 

Typical one-story plants are those for foundries, car works, steel mills, 
machine shops, and forge shops in the metal trades industry. Type 1 (a) 
buildings may be used to advantage by many small or moderate-sized 
manufacturing establishments influenced by low ground costs and pos¬ 
sible economies of building construction. The assembly of heavy or 
bulky products may be carried on to advantage in type 1(b) structures. 



(Courtesy of The Austin Co.) 

Figure 23. Combination of Multi-Story and Single-Story Building 


Typical multi-story plants are those for machine tools, small arms, 
clothing, boots and shoes, foodstuffs, musical instruments, hosiery mills, 
furniture, medicines, books, and light assembly work. A study of the 
factors suggesting multi-story construction will probably furnish ecc 
nomic reasons for the housing of particular businesses in this type of 
building. 

Combinations of the two types are found for one establishment in 
many cases. Multi-story buildings are arranged in units spaced to permit 
lighting and ventilating and provide outlooks for the employees. The 
intervening areas are then roofed at the second floor level, largely with 
glass in the form of A-frames for ventilation and maximum lighting. 
With the omission of division walls in the first story the entire area may 
be utilized, combining the merits of both types of construction. The eco¬ 
nomic manufacture of small parts may be carried on in the multi-story 
sections. On the ground floor assembly and erection floors for heavier 
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units may be laid out, heavy stocks and stores warehoused, and heavy 
machines, such as punch presses, operated. Expansion of such facilities, 
if preplanned, is readily possible. 

Figure 23 shows a rather unusual combination of this kind. Three 
manufacturing floors contribute their products to an assembly floor. 
The traveling crane is used to bring in raw materials, take away finished 
product, and serve the assembly floor. 



CHAPTER 10 


CONSTRUCTION OF THE FACTORY BUILDING 

Choice of Materials and Type of Structure.—The initial choice of 
material and type of building for a factory involves both immediate and 
long-time considerations. Such things as construction advantages, com¬ 
parative building costs, adaptability to production layout, and capital in¬ 
vestment are of immediate concern, while depreciation and maintenance 
charges, obsolescence, flexibility of design, insurance rates, and fire 
hazard involve long-time consideration. It is essential also to bear in 
mind the direct effect of the building on costs of production, its suit¬ 
ability as a healthful, efficient, and pleasant place in which to work, and 
its advertising value. The lowest ultimate production costs result when 
direct operating costs combined with overhead charges on buildings and 
equipment are lowest. 

Single-story buildings may be built more rapidly than others. A 
lengthened construction period results in increased interest charges on 
tlie investment, and delays profits from operation. Ordinarily, flat slab 
concrete designs are more expensive than mill construction. Steel fram¬ 
ing, firejiroofed, is more expensive than flat slab concrete designs. Con¬ 
struction costs, however, vary with the time and place, being dependent 
upon local material prices, wage scales, labor efficiency, contracting skill, 
amount and keenness of comj^etition, completeness of plans and specifica¬ 
tions, and weather conditions. 

Depreciation and Obsolescence.—Maintenance includes those re¬ 
pairs and replacements, painting and cleaning required to keep a building 
in good condition. Like a machine, however, a building gradually wears 
out regardless of any amount of maintenance, and this inevitable loss in 
value is termed depreciation. It also becomes obsolete. Changes of this 
character vary with the design, kinds of material used, the quality of 
the construction, and use to which the building is placed. Depreciation 
costs on first-class construction may be limited to or 3% where use 

conditions are favorable. Obsolescence costs are likely to be much 
greater. It is now the accounting practice in some industries to recoup 
building investment costs in from 10 to 20 years as a safeguard against 
obsolescence. 

Insurance Costs.—Insurance costs tend to vary with the risk, and 
this is influenced by the structure of the building and occupancy. Other 
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factors are the fire protection afforded by the company and by the com¬ 
munity. Other things being equal, insurance rates on both building and 
contents will be lower in the case of a fireproof structure as compared 
with one not fireproof. However, rates on an approved design of mill 
construction with non-hazardous occupancy protected by a sprinkler 
system will be less than an unsprinklered risk in concrete or steel. The 
fire loss on unsprinklered buildings as compared to those with sprinkler 
systems is in the ratio of about eighteen to one. The indirect loss must 
also be reckoned, as it involves interruptions to business, delay in filling 
customer orders, and fixed costs. 

Flexibility of Design.—A building should be adaptable to changing 
manufacturing layouts due to progress made in methods and processes, 
style changes, or altered designs. Suitability for other uses must also 
be considered, for in negotiating loans bankers may require that values 
represent ai)proximate market values rather than original or replacement 
costs. Materials used must withstand deterioration from operating con¬ 
ditions, from such causes as acids in chemical plants, alkalis, condensa¬ 
tion in dye rooms of hosiery plants, and high temperatures combined 
with humidity. Examples of successful efforts in this direction are pro¬ 
vided by experience in the Clearing Industrial District, Chicago. They 
report a surgical supply house now utilizes a building formerly occupied 
in sequence by a radio firm and a railroad supply company. A company 
which makes oil mops now uses a structure provided originally for a can 
company. In other instances a paper firm succeeded one producing fruit 
drinks; a maker of wax wrapping papers, a motor company, a sausage 
and meat casing manufacturer, a steel window plant. It should be re¬ 
membered, however, that flexibility does not come before efficient layout. 
To keep production costs down the building should be designed for the 
use to which it will be put. 

Types of Construction.—A classification of industrial construction 
according to materials used is as follows: 

1. Mill construction. 

2. Steel frame construction. 

3. Reinforced concrete construction. 

Modern industrial design is more and more including combinations of 
these types of construction in the buildings for one establishment, and 
even in individual buildings. Suitability and economy are the tests 
applied. 

Mill Construction.—“The term mill construction is given to that 
type of building in which the interior framing and floors are of timber. 
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arranged in heavy solid masses and smooth flat surfaces, so as to expose 
the least number of corners and to avoid concealed spaces which may not 
be reached readily in case of fire.’’ ^ The “Building Code Recommended 
by The National Board of Fire Underwriters” ^ adds many details to 
this general specification which serve to define clearly accepted and desir¬ 
able design, and to eliminate unnecessary fire hazard. 

The exterior walls of buildings of this type are usually of brick, but 
may be concrete pilaster design. When of the former type, the area 
which can be used for windows is less. When of the latter, the floor 
loads are carried to the pilasters by the cross girders as shown in Figure 
24 and the load is transmitted directly downward to their footings, per¬ 
mitting the space between pilasters to be used for windows. 



Figure 24. Example of Semi-Mill Construction—Exterior Walls of Pilaster Design 


Occupancies and Floor Loads.—Ordinary manufacturing operations 
may be housed in mill construction buildings, although many prefer a 
type of structure that gives a more modern appearance. This construc¬ 
tion is suitable for jobbing houses, warehouses, and buildings used for 
the storage of merchandise. It is not suitable for buildings of a height 
which cannot be reached by water in case of fire, nor for hazardous occu¬ 
pancies. When heavy loads are to be carried, as in storage buildings, the 
need for short spans and many columns is not a handicap. With many 
manufacturing operations heavy floor loading is not a factor, and column 


' Bulletin, Series E>la, National Timber Manufacturers’ Association. 
“ Fourth edition, revised reprint. 
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spacing may approximate that of other forms of construction. Customary 
floor design for manufacturing use provides for loads of 100 to 175 
pounds per square foot. Column spacing of from 16 to 22 feet may be 
economically obtained with these loads. For heavy warehouse loads of 
200 to 250 pounds per square foot, column spacing of 12 to 16 feet is 
easily possible and satisfactory in mill construction. 

Steel Frame Construction. —Steel construction is economical for 
use in buildings carrying heavy loads on long floor spans, or for tall 
buildings having relatively light floor loads. It is especially suitable for 
truss designs and elaborate and intricate framework, as in cranes, towers, 
and combinations of structural and equipment features. The material 



Figure 25. View of the Machine Shop, Consolidated Press Company, Hastings, 

Michigan 


may be fabricated in advance at a distance ready for rapid erection at 
the site. It will generally be used for carrying very heavy loads, for 
irregular constructions, and for one-story plants requiring crane service 
and clear floor spaces. One hundred foot spans are economically pos¬ 
sible. Supporting columns for trusses and craneways serve also as roof 
supports with but slight additions in structural material. The use of 
steel permits exterior wall and roof surfaces to be of glass to the extent 
desired. Figure 25 provides an excellent example of the use of steel for 
a machine shop. Its flexibility in use is attested by the light cross- 
sectional areas of material used in the trusses as contrasted with that in 
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the lower columns and the variety of sizes and shapes of rolled sections 
combined in structural parts. / 

The choice between fireproofed steel construction and reinforced con¬ 
crete for multi-story structures carrying moderate loads and of regular 
design will be influenced by local costs and preference, rather than by 
any differences in merit of materials. When used for manufacturing pur¬ 
poses steel is most frequently found in other than multi-story buildings, 
unless they are of irregular construction. A steel frame structure is self- 
supporting, and enclosing curtain walls are carried at each floor level by 
the steel frame. 

Structural steel is durable if properly painted and protected. Where 
the nature of the occupancy creates a fire hazard or there is danger from 
adjoining buildings, enclosing steel columns and beams with concrete or 
masonry is advisable. 

Reinforced Concrete Construction. —Reinforced concrete is widely 
used for multi-sfory industrial buildings, warehouses, foundations, ele- 
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vators, tanks, and storage bins. It provides a strong, rigid and perma¬ 
nent building material practically immune to fire hazard. Depreci¬ 
ation of concrete structures is almost negligible, and maintenance costs 
are low. 

For buildings higher than from four to six stories it is more eco¬ 
nomical to support the various floors at the outside wall line by columns, 
and enclose the buildings with light “curtain” walls supported by each 
floor. For buildings of lesser height bearing walls in lieu of columns may 
be cheaper. However, consideration of future expansion outward or 
upward, or desired maximum window areas, frequently suggests skeleton 
construction even for buildings of three or four stories. 

In this type of construction the mixture composed of cement, sand, 
and concrete is “poured” into forms in a semi-liquid mass. Steel rods 
have previously been placed in the forms as called for by the engineering 
requirements, and the concrete surrounds and embeds the steel, forming 
a composite mass as the concrete sets or hardens. In general the concrete 
material takes compression stresses, and the steel rods take the tensile 
stresses. In columns the steel vertical rods help somewhat to increase 
compression loads.^ 

Flat slab, and beam and girder designs constitute the two principal 
types of reinforced concrete construction. (wSee Figure 26.) 

Flat Slab Designs.—Flat slab designs are not economical when light 
floor loads are to be carried but are usually chosen where the loads are 
heavy. They offer several advantages from an operating standpoint. 
Windows may be extended to the ceiling level where glass areas are of 
most value, and the flat ceiling reflects the light well into the interior. 
The absence of beams and girders permits operating equipment, such as 
shafting and motors, to be placed nearer to the ceiling, which permits 
minimum story height. Sprinkler systems will operate effectively with 
fewer heads. Inserts placed in the slab at the time it is poured facilitate 
changes in the arrangement and placing of overhead shafting and equip¬ 
ment supports. 

Slab thicknesses and spacing of columns will vary with the load to be 
supported, but loads of 100 to 175 pounds per square foot permit columns 
to be spaced from 18 to 22 feet apart, economically. For loads of 300 to 
500 pounds, spacing 16 to 18 feet is preferable. For storage purposes, 
where the capacity of the floors is from 200 to 300 i)ounds per square 

^ An ordinary mix for concrete in building work is one part cement, two parts sand, 
and four parts gravel or crushed rock. Concrete in compression is designed to carry 
working loads of from 650 to 850 pounds per square inch; steel, 16,000 to 18,000 
pounds per square inch in both compression and tension. Each material is used with a 
factor of safety of about four; that is. failure would not occur until four times the 
working load had been imposed. 
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Figure 27. Branch Factory of Burroughs Adding Machine Company, 
Plymouth, Michigan 

Multi-story section of reinforced concrete, flat slab design. Exterior walls of brick. 


foot, and the column spacing from 18 to 20 feet, concrete is as cheap as 
timber construction in the Middle West. 

Beam and Girder Designs.—Beam and girder design may be varied 
considerably. It may approximate semi-mill timber design with its 
girders, intermediate floor beams and overlaying floor slab, where the 
loads to be supported are heavy. 

For light floor loads tile and concrete joist construction with either 
one-way or two-way reinforcement is more typical. In lieu of clay tile 
or gypsum block, metal pans inverted, or even wooden forms may be 
used. These light materials serve as a filler between the structural rein¬ 
forced concrete sections. 

Reinforced concrete construction lends itself to modern designs as 
indicated by Figure 27. See also Figure 28. Glass window areas of 80% 
to 85% of wall areas are obtainable. In multi-story buildings by extend¬ 
ing the floor beyond the columns, window areas may be increased to 
nearly 100% of wall areas. The glass area near floor levels does not 
contribute much light to work benches, but may add considerably in 
lighting inclined or vertical working planes, as in the case of looms. 
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(Courtesy of The II. K. Ferguson Co.) 

Figure 28. A Modern Factory for the General Foods Corporation 


Tlie regularity of construction in the typical skeleton type concrete 
multi-story building makes it adaptable for a variety of uses and its 
market value remains high. With foresight in planning additions may 
lie added and production increased in a logical manner by prearranged 
expansion of departments along normal lines. 

Factory Floors.—Some of the requisites of an ideal factory floor 
are: (1) comfort, (2) dural)ility, (3) suitability, (4) economy in first 
cost, and (5) simple and inexpensive maintenance. Excessive wear 
necessitates repairs; dusting is harmful to machinery and possibly to 
materials; absorption destroys the strength of the floor; and swelling 
or slirinkage forms cracks, affects machinery alignment, and causes 
unevenness in the surface. 

The structural or sub-floor may be equally im])ortant from a produc¬ 
tion standpoint where attached machinery and equiinncnt need to be 
rearranged frequently, or changed production requirements necessitate 
new openings, large or small, through the floor. Style changes may 
necessitate new layouts of production equipment, as in shoe plants. 
Chemical factories, j)aint and varnish works, and establishments gener¬ 
ally which seek to coordinate departments on a vertical plane, find that 
readjustments require changes in floor openings, or new ones by the 
score or hundred in the case of piping layouts. Foresiglit in preplanning 
may obviate difficulties in these respects to an extent. Table 2 compares 
the merits of a number of flooring materials. Steel gratings are used 
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where air circulation through floors is desired, to permit the passage of 
dust or dirt, or drainage of water. Steel plates with nonslip surface 
designs provide a wearproof surface easy to truck over, and wliich i? 
immune to heat, oils, acids, and abrasion. 

Wood blocks, Syi x inches, of vertical grain oak, yellow pine, and 
redwood are in wide general use for floors. They are durable, withstand 
trucking and abrasion, are easily and economically repaired, and have all 
the advantages of wood floors. The oak and yellow pine l^locks may be 
impregnated with oil or creosote, but redwood has a natural preservative 


Table 2. Comparison of Flooring Materials * 



Industrial 

I'looringt 

Pav- 

iner 

Brick 

Con¬ 

crete 

Maple 

Oak 

Pine 

1. Acid resistance . 

. 100 

100 

50 

30 

33 

30 

2. Alkrili resistance . 

. 100 

100 

70 

90 

90 

80 

3. Durability . 

. 75 

100 

90 

50 

50 

40 

4, FClasticity . 

. 60 

5 

1 

90 

90 

80 

5. Fire resistance . 

. 75 

100 

100 

0 

0 

0 

6. Nonabrasion . 

. 95 

30 

10 

95 

95 

88 

7. Nonslip . 

. 100 

30 

70 

50 

50 

60 

8. Quietness . 

. 75 

5 

5 

50 

50 

60 

9. Resilience . 

. 90 

4 

1 

90 

90 

90 

10. Sanitary . 

. 70 

50 

40 

35 

35 

0 

11. Thermal insulation. 

. 60 

0 

5 

90 

90 

90 

12. Waterproof . 

. 100 

10 

60 

25 

25 

25 


* I'rom aclvertisiiij,^ matcM'ial of Johns Manville Co., Jnc., \ew York, 
t A mastic type of asphalt floor designed and sold hy Johns-AIanville Co., Tnc. 


which makes this treatment unnecessary. The latter l)locks are frequently 
used in food product plants where odors from oil or creosote would be 
objectionable. The blocks are laid over concrete by first applying a coat¬ 
ing of pitch into which they are shoved tight against each other. To 
facilitate laying over structural wood floors where the surface is slightly 
uneven, the blocks may be obtained doweled into wood strips in lengths 
up to several feet. If desired, wood block floors may be given a varnish 
or wax finish. 

Materials Used for Walls.—Brick or concrete masonry for exterior 
wall surfaces provides adequately for appearance and fire protection. 
Steel frames and sash with wire glass are an effective safeguard against 
the ingress of fire. Steel shutters which close automatically in case of 
fire may also be provided for exterior openings. Walls extended two or 
three feet above the roof level keep fire away from the roof surface. Tur 
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and gravel roofs thus protected are fire resistant due to the coating of 
gravel which protects the layers of pitch and felt underneath. 

Recent innovations in factory construction include air conditioning 
and the elimination of windows. The development of glass blocks pro¬ 
vides a material which can be used for both exterior and interior walls 
which carry little load other than their own weight. The blocks are trans¬ 
lucent, admitting from 70% to 85% or more of daylight without glare, 
depending upon the prismatic pattern impressed upon the face of the 
blocks. A partial vacuum of dry rarefied air prevents condensation inside 
the blocks, and a wall inches thick has an insulating value approxi¬ 
mately equal to a masonry wall one foot thick. Walls of glass blocks 
are easy to clean, maintenance costs are low, they are fire resistant, and 
comparable in first cost with other types of wall construction.^ 

Corrugated sheets of an asbestos-cement composition are available for 
roofing and siding of skeleton frame structures. They are strong, immune 
to fire and weather, and do not require painting. Corrugated, rust-resist¬ 
ing metal sheets are used similarly. A recent development has been a 
steel corrugated sheet coated both sides at the factory with asphalt and 
asphalt-impregnated asbestos felt which provides protection against corro¬ 
sive influences. These products do not provide much insulation against 
heat or cold. 

Factory Roof Construction.—With the advent of sawtooth roof 
construction it became possible to daylight floor areas of one-story struc¬ 
tures irrespective of size. The development of the supersawtoolh, per¬ 
mitting spans of 75 feet without columns, aided greatly in securing 
effective production layouts. With this design clear floor areas of 3,000 
square feet may be had, as compared with 600 square feet with the 
ordinary sawtooth. 

As large floor areas under sawtooth roof construction are not readily 
ventilated hy natural air movements, operating or weather conditions 
may necessitate special provision in the way of chimney ventilators, ex¬ 
haust fans in the walls, or the supply of conditioned air through a duct 
system. For such work areas, accordingly, monitors, or A-frames and 
Al-shapcd roof trusses are often preferable. The latter are very generally 
found in the metal trades industry in foundries, forge shops, and machine 
shops. With them good ventilation as well as good lighting may be 
accomplished for unlimited floor areas of single story structures. Figure 
91, page 279, shows an exterior view of a modern foundry with this type 
of roof construction. There is little difficulty in effecting advantageous 
production layouts and departmental arrangements, inasmuch as only a 

^ From a pamphlet issued by Owens-Illinois Glass Company, Toledo, Ohic. 
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few columns are needed to support the roof, and the benefits of good 
lighting and ventilation are obvious. ^ 

Experience has prompted industrial executives, moreover, to have the 
top floors of multi-story buildings designed with special roofs. In nearly 
every plant there are some processes or inspection operations which will 
benefit by improvement of working conditions, or by better layouts pos¬ 
sible with unobstructed floor space. Sawtooths, monitors, A-frames, or 
M-shaped roof trusses are usually possible. Interior floor space other^ 
wise not effectively used is made the most valuable. The expense of 
special constructions of this nature is not prohibitive. 

Architectural Design.—The architectural design of an industrial 
plant is of secondary importance to the practical planning of the structure 
from the production standpoint. The primary function and purpose of 
such a building is to aid in producing goods economically. However, 
workmen are sensible to attractive workplaces, and it is recognized that 
l)leasing and comfortable surroundings have a distinct effect upon men’s 
interest in their work, upon their craftsmanship and plant spirit, and 
thus become tangible factors affecting production costs. 

Aside from these considerations the advertising value of factories is 
considerable. Thousands of people may pass a plant annually, and by 
means of advertising many more may come to associate a product with its 
‘‘liome.” As a consequence, manufacturers seek to have establishments 
which will bring prestige to their products, and of sufficient interest to 
attract attention. As the added cost for an attractive plant is only a 
matter of 1% or 2% of the cost of the building, the expenditure is invari¬ 
ably justified simply as a matter of good business. Figure 28 pictures a 
plant for the General Foods Corporation. It provides an excellent 
example of modern, utilitarian, and attractive design. 



CHAPTER 11 


POWER AND HEATING 

Management Control of Power and Heating.—Providing for 
power and heating facilities, and making arrangements for tlie distribu¬ 
tion and utilization of their products, call for business and operating 
intelligence as well as engineering skill and experience. Power plant 
operation is distinctly a technical field, but precisely for this reason it 
needs management control. The power plant, like any other service 
department, must be built and operated with respect to the industrial 
plant as a whole. It must take its place as a supplier of power and heat 
for the operations of the plant and for employee comfort with the outlay 
of capital and equipment best adapted to the particular purposes. Here 
as elsewhere it is up to the management to see that the long-run company 
policy is carried out in power ])lant operation. 

A good organization to handle major power plant and heating prob¬ 
lems consists of the executive responsible, the plant engineer, and a 
reliable firm of consulting engineers with a successful record of industrial 
power plant experience. The executive is thoroughly capable of thinking 
through and evaluating the reports and recommendations of tliese staff 
assistants. He will bring to bear on the |)roblem a business sense and 
vision of the future, which is highly desiralile. The plant engineer will 
have an intimate knowledge of j)lant power and process equipment. The 
engineering consultants, specialists in industrial power problems, con¬ 
tribute a knowledge of the latest developments and a breadth of experi¬ 
ence. They will advise with regard to designs and equipment most 
suitable for the service required, and embody conclusions in drawings 
and specifications. In large organizations, the staff of the operating 
executive responsible for power service often combines the talents of 
the three groups mentioned, and may successfully cope with all problems 
that arise.^ 

Engineering Design.—An industrial power plant is not an end in 
itself. A power plant may be ideal, technically considered, and with low 
operating costs, and may yet result in high power costs because of the 


^ The executive in charge will probably be an engineer who has graduated into 
executive work. The combined intelligence of his staff may equal or exceed that of con¬ 
sulting firms. 
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investment required. For this reason many refinements of central 
station design are not applicable, profitably, to the average private 
plant.^ Further, complicated operating equipment which functions satis¬ 
factorily in the hands of skilled central station attendants may be the 
cause of costly interruptions to service when handled by those less skilled. 
Private plants, to be reliable in operation, must frequently be of simple, 
even “foolproof’* design. The increased cost of operation this policy 
suggests is of minor importance compared to the assurance of continu¬ 
ous service. 

Function of a Power Plant.—The function of a power plant is to 
produce energy for operating machinery, to provide heat, light, ventila¬ 
tion, refrigeration, compressed air, steam and hot water for processes, 
or to pump water for drinking purposes, fire protection, or process needs. 
Furnishing power to operate production machinery may be a minor 
function of a power plant, or it may be a by-product of other services 
rendered. 

Central Station Power Versus Isolated Plant Power.—There is 
an unmistakable trend toward the purchase of power, as evidenced by 
the rapid development of power distribution systems in many states. In 
Illinois, alone, over 7,000 miles of transmission lines serving 1,200 com¬ 
munities are already constructed. Few industrial localities are without 
central station service, which to a rapidly increasing extent implies 
superpower service. The term “superpower” indicates the interconnec¬ 
tion of power lines to insure continuity of service to all customers, even 
though one or more stations in the chain become temporarily disabled. 
The merging of 6,500 generating and distributing systems into 3,500 
networks has added to dependability of service. Of these, some 215 
systems produce and distribute 93^ of the electricity sold. 

Advantages of Central Stations.—Central stations continue to make 
rapid progress in manufacturing power cheaply. As they operate on a 
large scale, they can utilize talent, equipment, and operating refinements 
not available, economically, to the isolated plant. Obsolescence is a lesser 
factor in costs. As compared with a group of isolated small plants, less 
generating capacity is needed in the central station due in part to the 
demand for power, and in part due to the lesser need for reserve equip¬ 
ment. When central stations are interconnected, those of less efficiency 
may be kept idle except during periods of maximum demand, and each 

^ A central station plant is defined as one which serves plants under different owner¬ 
ship. A private plant is one which produces power for one or more local industrial estab¬ 
lishments, all under a single ownershif'. 
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individual plant utilized to best advantage. Where hydro-electric plants 
are included in a group with steam plants, the latter may be used to 
supplement and augment the variable power output of the former as 
occasioned by seasonal differences or varying rainfall on the respective 
watersheds. A relatively high load factor ^ cuts down the overhead cost 
per unit of output, a big item in power cost. A handicap of central 
stations, ordinarily, is inability to utilize the heat losses from engine or 
turbine operation, which amount to over 50%. When the central station 
is so situated that it can sell heating service as well as power its 
advantage is increased. 

Reasons for Considering a Private Plant.—Power plants having 
less than 500-horsepower capacity are seldom economical if central sta¬ 
tion service is available. Concerns with power bills aggregating $10,000 
a month may also find it advantageous to buy rather than make power. 
Ownership of an existing plant, the production of power as a by-product, 
inability to secure a proper low rate,^ or the possible unreliability of 
central station service •'* are reasons for considering private plant opera¬ 
tion. When power alone is to be produced in a power plant, it is gen¬ 
erally cheaper to buy than to make it. This would seem to be conclusively 
proved by the general use of purchased power in the coal industry. 
Seventy-five per cent of the coal mined in Illinois comes from mines 
using central station power service for mining operations. 

The need for industrial heat, heat for buildings, exhaust steam, hot 
water, or other power plant service may make power an inexpensive 
by-product. To determine whether or not power should be purchased, 
and the advantage to be gained by buying or making it, a careful analysis 
is necessary in each instance. General rules are not applicable. It may 
prove feasible to make some powxr and purchase the balance required. 
Lower purchase rates are in effect for those hours when the demand is 
low, and for uniform rather than fluctuating loads. Depending upon 
circumstances, rates, hours of operation, and considering stand-by costs, 
a company may purchase a constant amount and generate energy for 
peak loads, or vice versa. Heating requirements during part of the year 
may make operation of power-producing equipment economical for that 
period, and purchased energy economical at other times. 

® For a definition of “load factor,^' and a discussion of its significance in power 
costs, see pages 161-162. 

^ As rate schedules are largely controlled by state commissions, power companies 
are not free to make individual rates to customers, which sometimes necessitates revi¬ 
sion of rate structures to adapt them to changing industrial needs. 

° Long-distance power lines where steel towers are used, are considered dependable. 
When power lines in and near cities are run underground, they are immune to line 
troubles. 
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Importance of a Cost System.—In considering power costs, in 
connection with figures submitted by central station representatives 
seeking power contracts, a number of factors must be considered. Such 
figures may be misinterpreted from lack of knowledge of what plant 
power costs really are. A common error is failure to recognize the value 
and cost of the heat, process steam, hot water, or other plant products, 
which must continue to be manufactured within the plant even though 
energy to run machines is purchased. A good cost system will charge the 
proper departments or processes with these costs, which when deducted 
from the total costs of operating the power plant will give the true cost of 
power energy to operate machines. This latter figure may be low. For 
example, when a factory power plant supplies its own electric current for 
power, the steam distribution will average 30% to the engine room and 
the balance to the factory. 

Examples of Power as a By-product.—At the South Philadelphia 
works of the Westinghouse Electric and Manufacturing Company, power 
is a by-product of heat production during the winter months. In the 
summer months it is purchased. Furniture and woodworking plants 
make use of waste for fuel, and also utilize exhaust steam and waste 
heat in dry kilns, reducing power costs to a minimum. In the textile 
industry, in bleacheries, dye-houses, and chemical plants, wherever 
exhaust steam or hot water is used extensively in processes, power is 
largely a by-product of process needs. 

Stand-by Power Costs and Supplementary Service.—A few plants 
may find it cheaper to generate normal power requirements and to utilize 
central station service for emergency or peak load demands. This prac¬ 
tice, however, is discouraged by utility companies by exacting a minimum 
fixed charge per month, which may be applied on current purchased at 
the regular rates. The stand-by charge incurred is the difference in cost 
between the power so secured and its lesser cost if purchased in larger 
quantities, or the expense of generating it in a private plant.® A more 
usual arrangement is to purchase a constant quantity sufficient for normal 
needs, utilizing plant equipment to care for peak loads. In this way low 
power costs accrue because of the quantity used and the even load curve. 

Factors Influencing the Purchase of Power.—^Even though the 
cost of producing power might be low, there would still be a question of 
the wisdom of investing money in capital equipment of this character. 

® An Illinois company pays such a fixed minimum charge of f500 per month. The 
stand-by charge is the extra cost of buying the small quantity 01 current at ordinar> 
rates, as compared with cost of producing it in large quantities. 
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Fuel and labor costs are increasing; rapid progress Is being made In 
power plant practice; hence obsolescence is an item that enters into power 
plant costs. Ready capital may be needed in financing production, or may 
yield a much higher return if used in the manufacturing end of the busi¬ 
ness.* Again, an industrial power plant may prove a nuisance to the 
neighborhood. Central station power rates, on the other hand, are stable, 
and increased efficiencies will likely more than balance higher fuel and 
labor costs. For these reasons before a firm commits itself to the policy 
of making its own power, it should be certain that the saving will be 
considerable. 

Power Plant Equipment.—^Equipment for power plant operation 
may be (1) a boiler and reciprocating steam engine or steam turbine, 
(2) water turbines, (3) Diesel engines, (4) gas and gasoline engines. 
The relative importance of the prime movers may be estimated from the 
results of a survey which discloses the kinds and capacities of equipment 
used in 72 industrial plants. Of the 200,000 horsepower reported 
hydraulic composes 1%, steam engines 20%, steam turbines 76%', gas 
engines 1%, and Diesel engines 2%. The use of either the steam engine 
or the steam turbine requires a boiler installation with its attendant 
stoker and various devices for increasing efficiency such as superheaters, 
feed-water heaters, air preheaters, etc. The design of the boiler is 
primarily influenced by the amount of power required and the type of 
fuel available and the amount of capital to be invested. The steam turbine 
is largely replacing the steam engine, due to its compactness, high 
economy under all loads, the elimination of cylinder condensation, and 
the small number of moving parts. The turbines have supplanted steam 
engines almost entirely for central station service. Diesel, gas, and 
gasoline engines do not, of course, require a boiler. The use of Diesel 
engines is gradually increasing. For small power requirements and for 
stand-by equipment, especially when heating is not a by-product, tlie 
low-cost, flexibility, and dependability of this type of power is attractive. 
Gas engines are sometimes used to develop electrical energy when a 
supply of combustible gas is available. Gasoline engines are used only 
for light duty and stand-by service. 

Electric Current.—Electric current is produced by electric genera¬ 
tors operated by one of the prime movers and may be either direct or 
alternating, depending upon the design of the generating equipment. 
Either type of current will operate lamps or any process requiring heat 
alone equally well. Series wound motors can be operated on both 
alternating and direct current. Other motors are operated on one or the 
other current depending upon their design. 
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Alternating current is used in most cases because of the ease with 
which the voltages may be transformed. A high voltage is generated at 
the power station and distributed to voltage transformers at the point of 
use where it is stepped down to a lower voltage. High voltage trans¬ 
mission lines result in a great reduction in line losses and appreciably 
reduce the heavy investment in cables necessary with low voltage trans¬ 
mission. Motor generator sets must be used to transform the voltage of 
direct current. These installations are more expensive than transformers 
and require more attention. 

Direct current is necessary when machinery is to be operated at widely 
varying speeds, as in the case of cranes and of some machines, or when 
extreme constancy of speed is required for electro-plating and many 
chemical processes. Some elevators are operated with direct current, 
others with alternating current, and some with a combination of the two. 
Induction motors, operated with alternating current, will show a slight 
speed variation between partial and full load. For minor needs alternating 
current may be converted into direct current by the use of a rotary 
converter, instead of operating a separate direct current generator. 

With the use of alternating current the elimination of commutators 
on generators simplifies construction, saves in both first cost and main¬ 
tenance, and assures greater continuity of service. The usual alternating 
current motor is essentially a single speed machine, although variable 
speed types have been developed with limited fields of successful use. 
The chief advantages of alternating current systems are low distribution 
costs, and flexibility of voltage changes with transformers. 

Load Factor.—The load factor may be defined as a ratio of the 
average load to the maximum load during a given period. For example, 
a plant equipped with 4,500 horsepower of motors may operate a 
maximum of 4,000 horsepower for a half-hour during 8 hours of opera¬ 
tion, but provide an average load on the power plant of but 3,000 horse¬ 
power. In this case the load factor would be 75% for the 8 hours of 
operation or 25% for a period of one day of 24 hours. It is apparent 
that the necessary investment in power generating equipment, always a 
big factor in power cost, is not fully utilized. 

A tendency to overestimate the load factor, and consequently to under¬ 
estimate unit power costs, is responsible for many errors in properly 
balancing power plant investment with actual needs. Power and steam 
demands fluctuate from hour to hour, and shutdowns occur due to lack 
of orders or interferences with production. Shorter work days and the 
five-day week lower the load factor, while two-shift or three-shift opera¬ 
tion tends to increase it, and to double or triple the use of capital invest- 
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nient. A plant averaging 2,400 hours per year, with a load factor one- 
third that of a similar plant operating 7,200 hours per year, does not 
justify an equal investment in a power plant. 

A low load factor suggests the advantage of purchasing power, or at 
least minimizing the investment in a power plant by the omission of 
stokers, coal and ash handling machinery, and other refinements, even 
though operating costs are increased. 

Where power and steam demands are combined in one plant, the 
conditions are modified. Conversely, a high load factor justifies greater 
perfection of equipment and increased investment. 

Power Factor.—With direct current, volts times amperes, or volt- 
amperes, give the true power. When alternating current is used with 
induction motors, transformers, and other equipment that operates 
through an electro-magnetic field it is made up of two components. ‘‘The 
first is power producing current, which is converted by electrical equip¬ 
ment into useful work and registered on the meter as kilowatt-hours. 
The second is magnetizing current, which cannot be converted into useful 
work although it is needed for the operation of motors and other kinds 
of equipment. Power factor is simply the proportion of the power- 
producing current to the total.’' 

The current component that produces the magnetic field uses up 
capacity of conductors and other equipment and produces in general the 
same effects and losses as the working or energy current. Therefore, 
generators, transformers, and distribution lines may be loaded to full 
capacity, but only a part, say 60% or 70%, of the total current is doing 
useful work. Thus, low power factor may represent an unwarranted 
expense amounting to hundreds or even thousands of dollars a year.^ 
An ordinary value of the power factor is from 70% to 85%, but it is 
sometimes much less. Most utility companies penalize concerns that fail 
to maintain a high power factor by exacting increasingly higher rates per 
kilowatt-hour as the power factor drops below 85%. 

A low power factor may be corrected in three ways: (1) by the use 
of synchronous motors, (2) by better selection of motors, and (3) by 
the use of condensers. Some kinds of electrical equipment tend to 
neutralize the effects of induction motors on the system, and thus increase 
the power factor. Placing lights and synchronous motors, which have a 
power factor of unity, in the same circuit with the low power factor 

“Six Ways to Save on Power Bills,” by L. D. Cleverly, Factory Management and 
Maintenance, Vol. 97, No. 7, p. 82. 

® The technical definition of power factor is the ratio of watts of true power to the 
apparent volt-amperes. A watt is the unit of electrical power; a volt is the unit of elec¬ 
tromotive force; an ampere is the unit of measurement for electric current. One volt 
times one ampere, or volt-ampere, gives one watt of power, theoretically. 
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equipment will raise the rating of the group. Condensers are expensive, 
but at times their use may be amply justified to ^void penalty payments 
on the power bill. 


Choice of Motor Drives.—The effective location and arrangement 
of machines for production is of first importance; the form of drive is 
secondary. Manufacturing advantages, although less readily reduced to 
money values, usually outweigh the more apparent fixed costs and power 
expense of machine operations. The latter seldom exceed 2% or 3% of 
machine-hour costs. Probably in 50% of the cases the proper choice of 
drive is clearly indicated, but in the other half the economic solution of 
the problem is not so apparent. Each form of drive, however, possesses 
characteristic advantages. 


Group Drive.—With group drive one motor is used to drive two or 
more machines, the power being transmitted by belt to a line or counter¬ 
shaft, and from it by belts to the individual machines. In individual or 
unit drive each machine has its own motor. 

Group drives are considerably cheaper in first cost and in mainte¬ 
nance than individual drives. Breakdowns are less frequent due to use of 
larger motors, and these are likewise usually more efficient in respect to 
speed, loading, and power factor. Peak loads on any machine in the 
group are readily cared for by the reserve pow^r of the large motor. A 
number of like machines, symmetrically placed, which may be in operation 
or idle as a unit, suggest group drive: a bank of knitting machines in 
a hosiery plant, a group of lathes or automatic screw machines operated 
more or less constantly when the power required to drive each varies 
considerably, and when occasional extreme peaks are of momentary 
duration. 

A valid objection to overhead belting and shafting arrangements may 
be overcome in part by suspending this equipment from the ceiling below, 
with short drive connections through the floor. In single-story plants 
power equipment placed below the floor in power tunnels is entirely 
removed from working areas, and made readily accessible for main¬ 
tenance. 


Individual Drive.—When each machine has its own motor, changes 
in manufacturing arrangements can be made more readily and at less 
cost than when group drive is used. The elimination of overhead shafting 
and belting provides for better lighting, air circulation, and fewer 
hazards; and there is no interference with overhead cranes, conveyors, or 
other equipment. Individual motors on machine tools permit closer 
speed adjustment of the tool to the work. During slack seasons or when 
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only a few machines are in use, it is not necessary to operate idle shafting 
and belting. 

Woodworking departments with unsymmetrical machine arrange¬ 
ments and greater distances between machines provide excellent examples 
of the use of individual drive. Line production arrangements wlierc 
flexibility is essential to take care of changing models or styles, and 
where the demands of adjacent machines are so variable, suggest individ¬ 
ual motor equipment. For very heavy work it is more convenient to 
move machine tools to the job than it is to move the work. Portable 
machines will naturally be individually driven. Other examples are 
machines which use considerable power (20 to 30 horsepower or more) 
and operate at a uniform load, or are in use part time only. A machine 
in a group using considerably more power than the others may affect 
their speed or, when idle, give a low motor efficiency. It is best operated 
independently. 

Emphasis has been placed upon the economy of group drive for light 
machines arranged in rows or banks with small, uniform power require¬ 
ments. However, some very extensive installations of individual drive 
for layouts of this kind have been made in the textile and machine 
industries. The advantages gained are less idle machine time due to 
breakdowns, accurate power applications, and particularly the elimina¬ 
tion of the “jungle’* of overhead belting and shafting which interferes 
with lighting and ventilation and increases the accident hazard. The 
remarkable contriliution made to pleasant and agreeable working con¬ 
ditions in these ways is an important factor, although it must be admitted 
tlie cost of power is greater. 

Disadvantages of individual drives include greater first cost, higher 
maintenance charges, and operating costs. “The installation cost of 
individual drive amounts to from 80% to 200% more than for a corre¬ 
sponding group drive. Total annual cost, including fixed charges, will be 
around 25% to 50% higher than for group drive. Use of comparatively 
small motors that usually operate consideral)ly underloaded results in a 
low plant power factor.” The repair cost per motor for individual drives 
is greater than for group drive, due to the less rugged construction of 
small motors and greater exposure of locations. 

Fractional Drive.—Fractional drive uses two or more motors as the 
driving force for various elements of the same machine. Many large or 
complex machines use power at different points for quite different pur¬ 
poses. Suitable motors installed for each separate power-using part 

^ “Avoid Loss in the Mechanical Transmission of Power,” by L. S. Morrow, Factory 
Management and Maintenance, Vol. 93, No. 10, p. S-124. 
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add to power efficiency, and eliminate the need for intermediate mecha¬ 
nisms coordinating the machine parts, which canse lost motion, noise, 
wear, lost time, and complicated construction. Multiple spindle drill 
presses, grinder lathes, huge printing presses, and many other compli¬ 
cated machines of modern industry utilize more than one motor. 


HEATING 

Purposes of Heat in Industry.—An industrial plant has two dis¬ 
tinct uses for heat. First, it must provide heat to create comfortable 
working conditions for the employees, and second, many processes 
require the application of heat for their completion. Among the many 
industries dependent upon heat in processing may be mentioned steel, 
glass, baking, rubber, plastics, and oil refining. In fact, there are few 
industrial plants that do not employ heat at some point or other in their 
processes. For the purpose of heating the plant for the comfort of the 
workers the various systems may be classified according to the heating 
medium or character of equipment used, such as (1) hot water, (2) 
steam, (3) unit heaters, and (4) electric heating. Frequently combina¬ 
tions of two or more systems are used in one installation. 

Selection and Design of Heating Systems.—A heating system 
used for several months of the year in cold climates justifies a greater 
investment with the idea of decreasing operating costs, principally fuel 
and labor. I’iefincments in design to conserve the heat supply, lessen 
labor costs, and increase the efficiency of the fuel used are warranted. 
A shorter, less severe heating season warrants less cost of plant and 
permits fuel and labor costs that are relatively higher. 

Heating systems may be designed for temperatures 10 to IS degrees 
above the official lowest temperature on record for the locality, or the 
average minimum temperature. Practically all systems so designed are 
sufficiently flexible to provide adequate heat during the brief periods of 
colder weather. Severe weather comprises about 5% of the heating 
season; cold weather and mild weather, about 20% and 75%, respec¬ 
tively. 

The capacity of a heating system must be balanced against the demands 
for heat, or heat losses. In determining what these are for any building 
or room it is necessary to consider: (1) the loss of heat through the 
enclosing \valls, floors, or roof; (2) air infiltration or leakage; (3) the 
effect of wind; (4) the need to increase temperatures of materials within 
the building; (5) the effect of machine operation or processes in increas¬ 
ing temperatures; (6) the necessity, when the building is not heated 
continuously, of raising inside temperatures to desired levels; (7) in 



i66 INDUSTRIAL MANAGEMENT [Ch.ii 

some instances contamination of the air, requiring the removal of large 
volumes of heated air which must be replaced. 

Heat requirements are readily calculated by heating engineers, using 
the standard unit of heat measurement as a basis. This is the British 
Thermal Unit (B.T.U.) which denotes the heat necessary to raise one 
pound of water from 63 to 64 degrees F. The rates of heat losses for 
various materials and constructions are well established. 

Heat as a By-product of Power.—The need for heat with power 
suggests the double use of steam, and possible economy of a company- 
owned, dual-purpose power and heating plant. This is not always true, 
however. The initial cost of high-pressure steam boilers is greater, and 
the operating expense much more, than for low-pressure units needed if 
only heating is to be considered. Under certain conditions purchased 
power energy is cheaper. It may pay to buy power and make heat only. 
Some local utility plants which furnish customers with both heat and 
power find it more economical to produce heat alone, bringing in power 
from more efficient plants 50 or more miles away. With gas or oil for 
fuel, or the use of mechanical stokers, the labor attendance for a heating 
plant may be reduced to incidental attention. 

The Purchase of Heat.—Central station heat is not uncommon in 
urban or industrial centers, and may be obtained from either hot water 
or steam. In large boiler plants, steam production is on a much more 
efficient basis than in small plants. Differences of as much as 50% are 
not unknown. Distribution of steam in most cases is at low pressures (5 
to 10 pounds per square inch) but sometimes high-pressure mains (with 
pressure at 100 pounds per square inch) are used to carry the steam to 
local distribution centers, where reducing valves are used to feed low- 
pressure systems, which in turn lead to individual plant mains. Distribu¬ 
tion losses should not exceed 10%. 

Plants which produce an excess of exhaust steam or hot water are in 
a position to sell heat to neighboring plants. The gain to the purchaser 
in these cases is the elimination of the investment needed for a private 
plant, and perhaps cheaper heat. 

General Advantages of Hot-Water Systems.—Gravity hot-water 
systems cost more than steam systems because of the larger radiators and 
piping needed. Size differences may amount to 50% or 60%. With 
forced feed systems the cost may be less than for steam, due to the 
considerable expense for radiator fittings needed when steam is used. 
Initial heating with hot water is much slower, but once heated this 
medium gives off heat for a considerable time. If temperatures above 



Ch.iiJ 


POWER AND HEATING 


167 

freezing need to be maintained because of the nature of the contents of 
a building or to protect a sprinkler system, a hot-water system may be 
favored. 

A great advantage of hot-water heating is the readiness with which 
the amount of heat given off may be controlled by the engineer in the 
boiler room, by varying the temperature of the feed water. The mean 
winter temperature for several northern cities is about 40 degrees. This 
outdoor temperature requires hot water at a temperature of 145 to ISO 
degrees to heat buildings properly. For zero degree temperature, the hot- 
water supply will need to be about 200 degrees. Seldom will it need to be 
212 degrees, the minimum temperature for steam systems. From 15% 
to 20% less fuel is required on this account, and the systems are more 
simple and inexpensive to operate. 

Steam-Heating Systems.—The higher temperatures of steam pro¬ 
duce higher radiator temperatures,and hence insure quicker room heating. 
This permits small radiator and pipe sizes to be used. Steam systems are 
quiet in operation and provide a more even heat in all the radiators. 
Low-pressure systems are the rule, which implies not more than 10 
pounds of steam pressure, and usually less than 2 pounds.^® Steam pres¬ 
sures can be varied in accordance with the weather conditions. Where 
heat is needed for short periods only, when quick heating is desired for 
warming a building in the mornings in mild climates, or heat is not 
needed except during working hours, a steam system may be the best, 
as the plant can be shut down between times. 

Steam heating is more flexible and more easily controlled at the 
radiator than hot water. By means of a system of temperature regula¬ 
tion, steam radiators may be controlled individually or by groups. This 
is done by controlling the amount of steam entering the radiators. 
Individual steam radiators may also be controlled by use of graduated 
supply valves on the radiator. This has never been successfully done 
with a water heating system. In a hot-water heating system the tem¬ 
perature of the water in the system is controlled but there is no control 
on the individual radiator or heating unit. The principle is the same as 
controlling steam pressures. 

Vacuum Systems.—With a vacuum created in the heating system 
by the removal of the air and condensate, steam will form at much lower 
temperatures (at 98 degrees if the vacuum could be perfect) and be 
pulled through the system, rather than forced through under pressure, as 

Steam at a pressure of 10 pounds has a temperature of 240 decrees: at 5 pounds, 
228 degrees; at 0 pounds, 212 degrees. 
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with other systems. The air is exhausted from the system, and the con¬ 
densate returned by gravity as above described, or a condensation pump 
or vacuum pump may be utilized to return the condensate to the boiler, 
and an air pump to exhaust the air from the system. Both pumps may 
be operated by the same motor. The removal of air makes all heating 
surfaces more effective. Considerable fuel is saved, as the heating sur¬ 
faces may be kept at less than 212 degrees during mild weather. Ordi¬ 
narily, in so-called vacuum systems the pressure is maintained only 
slightly above or below that of the atmosphere. 

Unit Heaters.—Unit heaters consist of a heating unit, over or through 
which the air is circulated by a fan, and then delivered to the area to l)e 
heated through louvers or discharge ducts. The height, direction, velocity, 
anck temperature of the air currents are subject to control. Steam is the 
usual source of heat, but hot water, gas, and electricity are also used. 
Heaters using steam or hot water circulate this heating medium tlirough 
a radiating element composed of copper tubes with attached fins to 
facilitate the passage of the heat into the air. A tractor manufacturer 
uses the fan and radiator unit of one of its tractors as a unit heater and 
finds it efficient. 



(Courtesy of Buffalo Forge Co.) 


Figure 29 . An Example of a Large Size, Suspended Type Unit Heater 
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Unit heaters may be either of the floor type or suspended over the 
heads of the workers. Since they are of varying sizes and capacities, they 
permit great flexibility in adaptation to the needs of the situation. Fig¬ 
ure 30 shows this possibility. The heaters are relatively small, com¬ 
pact, and light in weight. A unit weighing 240 pounds or less equals 
in heating 700 square feet of direct radiation weighing 4,900 pounds. 
Installation costs are low because of the simplicity of the piping and the 
few units required as compared with dozens of radiators with necessary 




(a) A monitor type building 80 x 
160 feet, over 30 feet high, is heated 
with three heaters. 
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(l)) An arrangement for a wide 
area multi-story building having no 
roof exposure, but with 700 feet of 
wall space. 


Figure 30. Examples of Heating Layouts Using Unit Heaters 
(Courtesy of L. J. Wing Mfg. Co.) 


valves and traps. Maintenance costs are reduced and depreciation is less. 
This method of heating has been accepted as standard for large floor 
areas with high ceilings, and it is being adapted to an increasing extent 
to smaller room areas and ordinary ceiling heights. 

The use of small heaters serves to distribute heat uniformly and to 
direct the heated air currents toward those points hard to heat with 
other equipment, such as cold corners, large window areas or entrances, 
and doorways used for trucking. Overheating of work areas near radia¬ 
tors is also avoided. In these ways the discomfort of the workers is 
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averted and individual efficiency increased. With other methods of heat¬ 
ing there is a wasteful accumulation of heated air overhead. Unit heaters 
project heated air downward to the working levels, decreasing tempera¬ 
tures in the upper areas, reducing heat losses, and saving heat. In mild 
weather fewer units may be operated. At night and over week-ends 
temperatures can be lowered to 35 degrees or less, instead of the usual 
40 degrees permissible when direct radiation is used. Normal working 
temperatures may then be had in from 20 to 40 minutes as compared with 
one to two hours with direct radiation. 

Unit heaters may be provided with an outside air connection and 
fresh air drawn in and circulated in the proportion desired. This arrange¬ 
ment may be necessary to replace vitiated or contaminated air. The heat 
may be controlled automatically, using thermostats, or manually by the 
simple turn of a switch. The rate of movement of the air in working 
areas is readily controlled and, where desired, may be almost imper¬ 
ceptible. In the summer months unit heaters serve as ventilating equip¬ 
ment in circulating the air supply, and, where outside connections are 
provided, introducing fresh air. 

Electric Heating.—Electricity as a source of heat for industrial 
buildings is not common, but in some localities low-cost electric energy 
makes it practicable. Heating may be accomplished by means of electric 
radiators, but more often the heat energy is transferred to hot-water or 
steam systems. When electric radiators are used, the current is taken 
directly to them through wires. An electric switchboard in a small metal 
cabinet may then constitute the entire heating plant. 

When coal is used for fuel, only about one-half the heat units are 
made available, while the efficiency of heat transfer is 100% for elec¬ 
tricity, and costs are independent of the quality of management in the 
heating plant. Further, investment, maintenance, and operating costs of 
a boiler plant are eliminated altogether. Space requirements, the factors 
of depreciation and obsolescence, dust and dirt, and the need for admin¬ 
istrative attention should also be considered. 

With electric radiators, as used in smaller installations, the amount of 
heat is closely controlled by thermostats, and the heat energy may be shut 
off immediately, giving utmost flexibility in use with varying weather 
conditions. As a supplement to other heating systems it serves well. 
The ease of supplying heat energy through wires, and the variations 
possible in number and size of heating elements make it possible to use 
it in crane cabs, street cars, electric trains, and all sorts of out-of-the-way 
locations. The heating elements in unit heaters also may be electric if 
energy rates or local conditions are favorable to costs. 
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HEAT FOR INDUSTRIAL PROCESSES 

Choosing the Heating Element.—Heat for industrial processes is 
usually obtained by burning coal, oil, or gas, or utilizing electric energy. 
The latter source of heat is the most expensive per unit of heat energy, 
yet the most widely used, and often the most economical, all factors 
considered. The gas utilities, however, have awakened to the potential 
market for industrial gas in industry, and by perfection of gas-using 
equipment and development of intelligent, aggressive sales policies have 
made gas a real competitor of other heat sources for a widening range 
of uses. 

In choosing a source of heat supply, factors to consider are as 
follows: 

1. Fuel costs, including storage and handling charges, the hazard 

involved, dependability, etc. 

2. Necessary investment in heating equipment, auxiliary devices, 

installation costs, and the space requirements. 

3. Operating costs: (a) fixed costs, such as interest, taxes, insur¬ 

ance, depreciation, and obsolescence; (b) variable costs, such 

as labor and maintenance. 

4. Differences in rates of production possible with varying types of 

equipment. 

5. Effect on quality of product. 

6 . Working conditions and convenience. 

Fuel or energy cost is of greatest consideration in those operations 
using large quantities of heat where labor costs are small, and differences 
in effect of various kinds of heat on spoilage, quantity, and quality are 
negligible, as in the smelting of iron. In the heat treatment of tools, labor 
costs and quality of output may govern; while in the baking of fancy 
pastries, quality is all important. Working conditions often influence the 
choice of kinds of heat because of the effect on morale, efficiency, and 
labor turnover. 

The Use of Electric Energy.—^The particular advantages of elec¬ 
tric heat are claimed to be: (1) better quality of product; (2) saving in 
floor space; (3) saving in labor and less dependence upon labor for 
results; (4) greatly improved working conditions. 

Electric heat has a wide use throughout industry. In the metal trades 
it is used extensively for annealing, melting, case hardening, tempering,, 
and welding operations. The ceramics industry has applied it to anneal- 
ing glass, firing china, and vitreous enameling; the chemical industry to 
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vulcanizing rubber, baking graphite, and drying operations. As an aid in 
the preparation of foods it is used for baking, roasting, and cooking. It 
contributes to the success of many finishing processes, such as drying 
paints and varnishes, enameling and japanning, sherardizing, etc. There 
are a multitude of miscellaneous and small applications, which in total 
use a large quantity of electric heat, and this field is to the greatest extent 
free from competition. 

Of course, electric energy is not usually economical for bulk heating 
of low value products, for example, in the manufacture of brick and 
cement, where close control of temperatures is not essential to quality 
production. Each kilowatt-hour of electric energy gives 3,415 B.T.U. 
of heat energy, all of which is available at the point of use. With the 
current at 2^ a kilowatt-hour it can be used for special applications, 
while a 1^ rate permits a wide range of applications. 

The complete utilization of all heat units paid for, utmost accuracy of 
temperature control, low labor costs, convenience, and favorable working 
conditions are characteristics of electric heat. The latter factor may out¬ 
weigh a considerable price disadvantage. Temperature requirements of 
processes are automatically controlled, making the attainment of quality 
independent of the labor factor. 

Heating elements may be of any size and placed where needed, as 
illustrated by the many common domestic applications of electric h icit to 
curling irons, pressing irons, and water heaters for the sick room. Heat¬ 
ing units are readily incorporated as parts of machines or placed in the 
floor and walls of ovens and furnaces. 

Equipment costs for electric heat are high, but this is more indicative 
of the perfection of such equipment and assurance of low maintenance 
costs and dependability, than that other forms of equipment are more 
economical. Frequently more expensive equipment means greater speed 
of production, which in turn lowers unit costs. An instance may be 
cited of a high-pressure, gas-fired, semi-muffled furnace to operate uj) to 
2,000 degrees F., which cost complete in all respects al)out $6,000. An 
electric furnace, complete with wiring, controls, etc., cost about $18,000. 
Both furnaces have the same advantages as to quality of work, conven¬ 
ience of operation, and cleanliness; but the electric furnace will produce 
nearly three times as much product as the gas-fired furnace produces.^ ^ 

Sales-making characteristics in a product may possibly be attained 
only with electric heat, or at greater expense if fuel heat is used. Bottles 
annealed in electric lehrs do not break in bottling macliines, eliminating 


“ "Comparison of Gas and Electricity for Industrial Heating,'" by R. C. Gosreau, 
Chemical and Metallurgical Engineering, Vol. 33, No. 6, p. 337. 
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a loss of 2% ; while a similar 20% loss in breakage was done awa)'^ with 
in the manufacture of miniature lamps. Similarly, gears have been found 
to be stronger, copper wire more ductile, brass more uniformly soft and 
free from scale, and enameled goods to possess a more smooth, even 
finish than can otherwise be obtained. 

Economy in processing is brought about in using electric heat, by 
savings in space occupied by equipment, comfortable working tempera¬ 
tures close at hand, possible elimination of intermediate or final cleaning 
operations, and lack of need for protective boxes, as no contaminating 
gases are produced. Absolute cleanliness prevails and all oxidizing action 
and open flames are done away with. Portability of many kinds of elec¬ 
trical equipment with ready attachment to any light socket is also an 
economy in first cost and convenience. There is a noticeable trend away 
from fuel heat to electric heat, particularly for small installations. 

Methods of Applying Electric Heat.—Electric heat is utilized most 
generally by the (1) heating of liquids, (2) heating of solids, and (3) air 
heating or oven heating. 

It is commonly felt that direct immersion is the most efficient method 
of heating any liquid, because the heat is then applied directly to the mate¬ 
rial. In some cases, however, the shape of the container or the nature of 
the liquid makes it necessary to use external heaters. . . , 

It is practically impossible to heat tar and mastics with direct immer¬ 
sion heaters, because they will not absorb and transmit heat rapidly. 
Accordingly, steam-jacketed kettles are commonly used. Immersion heaters 
arc then used to generate the steam which heats the kettles. . . . 

Heating of solids is effected by direct contact of the heating elements 
with the material or heating the surrounding air. Cartridge heaters or 
space heaters are generally used. ... In process work air may have to be 
heated to dry or bake certain materials. Also, it is often necessary to heat 
air in order to provide the correct temperature for mixing and promoting 
the reaction of certain materials. Normally this type of heating is done 
with space heaters.^- 

The Use of Gas.—Gas is suitable for heating many types of fur¬ 
naces ; for kilns, as in pottery and vitreous-ware establishments, and 
brickmaking,* for brazing, soldering, japanning, bread baking, coffee 
roasting, heat-treating, annealing, and enameling operations, and many 
others. When standard industrial gas (containing 535 B.T.U. per cubic 
foot) is available at 75^ per 1,000 cubic feet, it is claimed to be com¬ 
petitive, on a cost basis, with other sources of heat. In some localities 

“It’s Easy to Apply Electric Heat,” by W. C. Stevens, Factory Management and 
Maintenance, Vol. 95, No. 8, p. 82. 
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rates are as low as 50 ^ or 60ff per 1,000 cubic feet to industrial customers, 
on a demand and energy charge basis. 

The wider distribution of natural gas has encouraged the perfection 
of gas-using equipments, and industrial gas engineers are making rapid 
progress in this respect. Often, gas-heating equipment is lower in first 
cost than electrical equipment intended for the same purpose, but stand¬ 
ard equipment is not always available for many small and special appli¬ 
cations, to which electric energy is so exactly suited. Other factors to 
consider in using gas are the presence of fumes, odors, need of manual 
control, noise, rates of output possible, and effect on quality. 

Storage and handling are eliminated when gas is used, and as com¬ 
pared with coal and oil, more even heat distribution in furnaces is 
secured. It is clean, and simple to operate; more accurate temperature 
control is possible; and bills are payable the month following use rather 
than before. 


The Use of Oil, Coal, and Coke. —The use of oil for producing in¬ 
dustrial heat is competitive with gas for kilns, ovens, and the like, when 
fuel oil is cheap, and is used extensively where gas is not available. Low 


Table 3. Cost of Operation of One 700-Pound Gas-Fired Rotary 
Carbonizing Machine 


Furnace: 

Depreciation, $3,500 10 yr. 

♦Average interest at $3,500 . 

Maintenance and repairs including retort renewal 


Gas Compressor: 

Depreciation, $1,450 -r 5 yr. $290.00 

♦Average interest at 6%, 6/5 X $1,450 . 52.20 

Maintenance and repairs estimated. 200.00 

Total . $542.20 


Prorated to one furnace on basis of gas used. 

Total fixed expense per year. 

Fixed expense per day $1,303.45 306 days. 

Power for furnace 8 kw-hr. at $.02. 

Power for compressor, prorated per furnace, 40 kw-hr. at $.02. 

Labor, 1 operator and helper at $1.40 per hour. X 24 hr. X 1/6 time.. 

Gas, 11,550 cu. ft. at $.676 per M. 

Compound, 72 lb. at $.03. 

Total cost per day. 

Total cost per M Ib. treated, $20.79 -5-2.1 M lb. 


$ 350.00 
115.50 
800.00 


37.95 

$1,303.45 


$ 4.26 

.16 
.80 
5.60 
7.81 
2.16 

$ 20.79 


$ 9.90 


Allowing for interest earned by depreciation reserve. 
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first cost is often its chief merit. More equipment is needed for utilizing 
oil than gas, as it must be combined with air an^ the mixture sprayed into 
the furnace under pressure. Storing and handling must also be con¬ 
sidered, together with possible need for preheating in winter. Obviously, 
it is less flexible in use than gas, and requires more labor attention. For 
many installations the presence of oil is objectionable because of the 
resulting fumes, odors, and fire hazards. 

Flue gases constitute a source of heat loss with fuels, and present 
other problems, although they may be utilized for various heating pur¬ 
poses. For example, waste heat from oil-fired kilns in a vitreous-ware 
plant is more than sufficient to operate the hot-water heating system for 
all its buildings. 

The use of coal and coke involves handling the fuel and ashes, which 
is obviously objectionable in many places. Space requirements, greater 
difficulty of control, and slower operation are some of the disadvantages 
of these fuels. 



CHAPTER 12 


MAINTENANCE 


The Function and Purpose of Maintenance.— -Maintenance in in¬ 
dustrial plants is the function nf keeping biiilclingrs^ equipment, and 
services in sati sfactory operatiiij^ condition. In order to make its work 
most effective the maintenance department will seek to anticipate and 
prevent interruptions in operation with consequent loss of output. An 
outline of the scope and responsibilities of the department has been 
summarized as follows: 


The maintenance tiersonncl has a primary interest in the selection, in¬ 
stallation, operation, and upkeep of the plant equipment required to transmit, 
apply, and control the mechanical power and electrical energy used in 
operaTiijg^The^production equipment; and in the procurement and use of 
the supplies and tools required for the upkeep of buildings. 

The maintenance personnel is responsible for maintaining all shop 
services, including transportation and materials handling; and for the 
procurement, storing, and disbursement of the necessary supplies and re¬ 
placement parts. 

The maintenance personnel is responsible for the upkeep of all produc¬ 
tion equipment, its regular inspection, cleaning, lubrication, and repair; 
for the keeping of inspection and performance records of auxiliary equip¬ 
ment; for the proper supervision, planning, and scheduling of maintenance 
work; and for the clerical work appurtenant thereto. 

The maintenance personnel is concerned with the recording, analysis, 
estimating, and control of maintenance costs.^ 


The Maintenance Department.—In small plants maintenance activi¬ 
ties are combined with the work of other departments, such as the engi¬ 
neering department, production department, or the work of the plant 
engineer. In large plants the work is organized separately, with an 
executive in charge who reports directly to a works manager or manufac¬ 
turing superintendent. Table 4 gives the results of a survey made to 
determine the place of the plant engineering department in different 
plants, the work done, and to whom the person in charge reports. 


^ “Maintenance Organization and Management,” by L. C. Morrow, Factory Manage¬ 
ment and Maintenance^ Vol. 93, No. 12, p. S-149, 
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Table 4. Plant Engineering Function in 15 Plants* 




Prod. 

Title of Individual in 
Charac of the 

Plant Engificering 
Function 

Kind of Work Included 
as part of the 

Plant Engineering 

Function 

Position of Plant Engineering 
Organization to 
Organization 
as a Whole 

IS 

Motor 

Horsepower 

Manu¬ 

factured 

15,000 

18.000 


Plant Engineer 

Etectrical, mechanical, and building 
maintenance. 

Plant engineer reports to factory 
manager. 

7.700 

11,512 

Cash 

Rcgiatcra 

Maintenance Engineer 

Electrical, plumbing.- miflwrighting, 
plant inaction, outside and land- 
acape, factory layout, power 
houw, oonatruction. 

Maintenance engineer reports to 
plant superintendent. 

4.200 

4,650 

Automobilet 

Plant Engineer 

hriritiWii 

Plant engineer reports to factory 
manager. 

2.100 

9,000 


Chief Mechanical 
Engineer 

Plant electrical engineering, plant 
iM^nical engineering, botn in- 

Chief mechanical engineer reporta 
to general worka manager. 

2.000 

1.600 

Vacuum 

CIcancra 

Maintenance Super¬ 
intendent . 

Millwrightipg. carpentry, elcctrioal. 

Maintenance superintendent reports 
to vice-president in charge of 
manufacture, who is also worka 
manager. 

1,500 

515 


Plant Engineer 

|gM|M| 

Plant engineer reporu to factory 
manager. 

800 

1,500 

Nitrocellu- 
low. Acid 

Matter Mechanic 

Mechanical and electrical mainte¬ 
nance. 

Matter mechanic reporta to asaia> 
tant superintendent. 

800 

750 

Caeoiinc 

Motors 

Matter Mechanic 

Electrical, and mechanical mainte¬ 

nance. plumbing, carpentry, mill- 
wrighting, painting, janitor wrv- 

ice. 

Matter mechanic reports 'to works 
manager. 

800 

650 

Camcraa 

Buildings Superinten¬ 
dent, Chief Electri¬ 
cian. and Machinery 
Maintenance Super¬ 
intendent. 

Building superintendence and main¬ 
tenance. plant electrical engineer¬ 
ing, machine repair and other me¬ 
chanical maintenance. 

The function it divided among 
three men whow activities arc 
coordinated by the chief engi¬ 
neer and general superintendent. 

800 

7.000 

Linoleum 

Plant Engineer 


Plant engineer reporta to plant su* 
perintendent. 

600 

900 

■ 

Maintenance Foremani 

Mechanical and ma¬ 
chine; and Mainten¬ 
ance Foreman, Elec¬ 
trical. 

Mechanical and building mainte¬ 
nance, electrical maintenance, 
millwnghting, carpentry. 

Both maintenance foremen report 
to the general auperintendent. 

560 

1/WO 

Rubber 

Producta 

Plant Engineer 

i— B 

Plant engineer reporu to chief en¬ 
gineer. 

550 

2.000 

Wringen. 

Mouaeand 

RatTrai^ 

Hockey 

Scicka 

Chief Engineer 


Chief engineer reporta to plant au- 
perintendent. 

500 

1.650 

Confec. 

tionery 

Plant Engineer 

] 

Consulting engineer's duties, chief 
electrician's duties, carpentry, 
yard labor,. plant protection 
painting, machine shop, steam 
fitting, tinsmithing. 

Plant engineer reporte to factory 
manager. Plant engineer it also 
mechanical and division superin¬ 
tendent. 

160 

5.500 

Paper 

Plant Engineer 


biSii 

57.670 

64.027 

Total plant employeea and motor horwpower reprewnted by the IS planta. 


* From “A Practical-Ideal Organir-atioii for Plant Engineering/’ by L. C, Morrow, Mainte¬ 

nance Engineering, Subscriber Service Survey No. 4, p. 8. 


The Organization of the Maintenance Department.—The organi¬ 
zation of this department varies widely with its size and the scope of the 
work for which it is responsible. The Westinghouse Electric and Manu- 
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facturing Company, East Pittsburgh, Pa., consolidates the maintenance 
function in a department called the Buildings, Light, Heat and Power 
Department. This is divided into five sub-departments: i.e.. Works En¬ 
gineering, Power Plant, Buildings and Grounds Maintenance, Light, 
Heat and Electrical Planning and Layout. The scope of its work 
includes selection, installation, and prevention of breaking down of 
equipment. 

The maintenance work in many plants is divided into three groups; 
namely, electrical, building, and mechanical activities. The various 



Figure 31. The Plant Engineering Function 

(From “Maintenance Organization and Management,” by L. C. Morrow, Factory Management 
and Maintenance, Vol. 93, No. 12, p. S-151.) 

phases of these tasks are indicated in Figure 31. In small companies 
various maintenance foremen such as millwright, plumbing, electrical, 
mechanical, etc., will report to a master mechanic. In these instances the 
maintenance function will be restricted to repairs, inspections, and the 
making of minor changes and installations. Some companies depend upon 
outside organizations for certain phases of the work, such as the design 
and installation of power equipment, inspection and maintenance of ele¬ 
vators or roofs. Figure 32 shows an organization for maintenance in a 
plant of medium size. In a smaller plant the same activities would be 
carried on, but there would be less specialization among the workers. In 
Figure 33 the scope of work is widened to include responsibilities per¬ 
taining to new construction and operation of the power plant. Figure 34 
shows an organization chart for a larger company. 

Regardless of the number of employees, kind of product, and age of 
plant, the variation in proportion of maintenance men to the total plant 
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V.P. in Charge 
Production 



Works Manager 


Mechanic 




XTCX 


i 


X 


XX 

M 

E 


Power and 
Hainienance 



Figure 32. Maintenance Organiza- Figure 33. An Organization Includ- 
tion in a Medium-Sized Plant ing Power and Maintenance 

(From “Maintenance Organization and Management,” by L. C.^ Morrow, Factory Management 
and Maintenance, Vol. 93, No. 12, p. S-151.) 




I Asst. Plant irrrrj3' 
\ Engineer M 


Machine 

shop 






Power Plant Operators 
Water Plant Operators 
Watchmen 
Sweepers 


BOSS 


1 


Carpenters! Painters 


Figure 34. Chart Sliowing the Duties and Responsibilities of a Plant 
Kngineer for a Large Company 

(From “Maintenance Organization and Management,” by L. C. Morrow, Factory Management 
and Maintenance, Vol. 93, No. 12, p. S>151.) 


employees lies between 4% and 10%. This variation is greatly influ¬ 
enced by the number of janitors, sweepers, watchmen, and yardmen em¬ 
ployed, who may comprise about one-half of the group.^ 

Maintenance Orders.—Orders for repairs usually originate with the 
department foremen. A simple form for such work is shown in Figure 35. 
The original copy goes to the maintenance department, and a duplicate is 

* “Variations in Maintenance Costs and Procedure,” by E. V. Stoody and G. I. Ross, 
Maintenance Engineering, Subscriber Service Survey No. 7, p. 10. 
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retained by the foreman. Material is withdrawn from stores on a stand¬ 
ard requisition form. When work is finished, the filled-in work order 
goes to tlie cost department. 


CHG Arrt 

MAINTENANCE WORK ORDER 

DEPT. WILL PLEASE PERFORM THE FOLLOWING WORK 

description:- 

1 FOR MAINT. DEPT. . 

Date 

Man 

Hours 











DATF _ SIGNED DEPT. 



Figure 35. A Maintenance Work Order Form 

(From “Maintenance Organization and Management,** by L. C. Morrow, Factory Management 
and Maintenance, V'ol. 93, No. 12, p. S-153!) 

For major repairs an order signed by the foreman may need to be 
approved by the head of the manufacturing department and the executive 
in charge of maintenance. Additional forms may be needed in connec¬ 
tion with material and cost control, inspection, and for reports to 
interested executives. 

Authorization for money expenditures must usually originate with the 
foreman. This is because he is responsible for i)roduction costs, of which 
maintenance is a part. Exception to this rule may be merited in cases 
where a temporary saving or delay in making repairs would entail un¬ 
warranted expense later, where costs are chargeable to plant expense, or 
are part of an authorized program. 

Inspection for Maintenance.—^An important function of the mainte¬ 
nance department is to prevent breakdowns and thus avert losses due to 
interruptions to production, and to minimize the cost for repairs by 
noting the need for them at early stages. An effort is mac^e to anticipate 
troubles, and to apply the remedy in advance. Under a general mainte¬ 
nance inspector there will be inspectors covering mecharical equipment 
and machines; electrical equipment, installations and wiring; buildings 
and grounds, etc. The tasks of each inspector or group of inspectors 
become more specialized as the work increases. 

Regular inspection schedules are a feature of preventive maintenance 
which guards against work interruptions. Inspection should not only dis- 
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close deficiencies but the causes for them. Responsibility for misuse or 
negligence in connection with the operation of equipment may thus be 
allocated. 

Inspection Records and Schedules.—^An example of records and 
time wschedules for inspections is provided by the practice of the Car¬ 
borundum Company, Niagara Falls, N. Y.: 

A separate insert or card should be used for each unit or section of 
equipment. (See Figure 36.) In addition a separate insert should be used 
for each distinct inspection function such as mechanical inspection, lubri¬ 
cation, or oil change. These functions may be consolidated on one card 
and distinguished by colored flags; however, that will be less satisfactory. 
The bottom of the insert is divided into 52 spaces representing weeks of 
the year. These serve to indicate, by means of a green celluloid movable 
tab or flag, the scheduled week or date when a particular inspection is due. 






Figure 36. Equipment Index of the Inspection System 


The frequency of these inspections, as previously determined according to 
the nature and use of the equipment, is indicated at the right by a number 
signifying weeks. In case of special consideration being required a red 
flag may be used to indicate a special inspection. Proper spaces are shown 
for indexing the equipment. 

Near the top of the card is a similar division for 52 weekly periods, with 
a vertical index which is good for at least five years. The purpose of it is 
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that in case an inspection work card, to be described, is returned marked 
O. K., a check mark can be recorded in the proper location indicating the 
inspection completed and conditions satisfactory. If the inspection notice 
is not recorded, and if extensive repairs have been made, an index number 
may be recorded and under it a brief entry can be made describing the 
nature of the repairs. The back of the card may also be used. 

When the flag on the insert indicates that an inspection is necessary an 
inspection work card is filled out. (See Figure 37.) On this card are 
shown spaces for equipment location, and an index of all general types of 
inspection, one or a number of which can be checked to indicate the type 
of work to be done, thereby eliminating written instructions by the clerk. 


Iritpfction c«rd 



Figure 37. Inspection Work Card Issued to Inspectors 


After all equipment has been indexed and catalogued as described, in¬ 
spection periods determined and the flags arranged so that all work does 
not fall due at one period, the system is ready to be operated. The best 
arrangement is to have about the same number of jobs scheduled weekly.^ 

In making inspections it often proves advisable to have listed on the 
form given to the inspector the points to be noted in making the inspec¬ 
tion, in order that a complete and thorough job be accomplished. The 
inspector will then check each item on the form as he does his work, in- 

® “Preventive Maintenance,” by J. A. Williamson, Maintenance Engineering, Sub¬ 
scriber Service Survey No. 4, p. 17. 
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dicating opposite any items needing attention just what repairs were 
required. (See Figure 38.) Check sheets of this kind are similar in 
principle to the lubrication charts for automobiles' provided to attendants 
at service stations, and accomplish the same purpose. 

Frequency of Inspection. —Frequency of inspection of many items 
will need to be determined by judgment and from experience. Sanitation 
may be a factor in some cases; safety, wear and tear, or production delays. 


Conveyor Inspection Heport No. 31 

Conveyor TCn. ^3 SAnfinn 2-10- Tnu pAr.fiyl n y G.Ril%n{j 

Motor_2J1L_ 

Motor drive chain is loose 


Contacts burnt _ 


Push Button Cnntrni O.K. _ 


Siffnal Bell__ 



•RoariTi ga holt loosc in drivc shaft hearin 


Shafts and Collars__ 


Gears_ Q 2 K: - 


Sprocket WIiapU Set screw loose 


Sprocket Chains_ QjKi _ 


PnllAra Bracket bent _ 


Load Carriers- 


Chain Guides_ Q^K: - 


Conveyor Loose holt in second hanger 


Guards_- 


General_- 


Figure 38. Inspection Sheet 
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in others. In some plants cooperation of the working group is enlisted 
in inspection work, either by a committee plan of recommendations for 
shop upkeep, or by penalties for breakdowns which should have been 
averted by alertness of the operators concerned. Figure 39 shows a 


QUARTERLY 


SEMI-ANNUALLY 


CONTINUOUSLY 


MONTHLY 


1. All Construction 

2. Completed Jobs 

3. Yards 

4. Drinking Fountains 

5. Piping 

(a) Air 

(b) Water 

(c) Hydraulic 

(d) Gas 

(e) Oil 

(f) Steam 

6. Electric Wiring 

7. Ladders 

8. Electric Signs 

9. Roofs 

10. Fire Doors 

11. General Safety 


WEEKLY 


1. Pressure Tanks 

2. Shop (Regulations 

Committee) 

3. VentilaUng. ZX-1 

4. Exhausters, E & I 

5. Blowers, H-1 


1. Cranes 

2. Jibs 

3. Elevators 

4. Dumbwaiters 

5. Conveyors 

6. Special Lifting 

Devices 

7. Chain Blocks 

8. Hoists 

(a) Electric 

(b) Air 

9. Crane Runways 

10. Trolley Wires 

11. Slings 

(a) Chain 

(b) Wire Rope 

(c) Manila Rope 

12. Switchboards 

(a) #1 Pwr. Hse. 

(b) 82 Pwr. Hse. 

(c) MF Substa. 

13. Tunnels 

14. Melting Pots 

15. Ovens 

16. Furnaces 


1. Test Floors 

2. Cable Tunnels 

3. Sewers 

4. Gasoline Tanks 

5. Benzol Tanks 

6. Floor Loadings 


MONTHLY 

{Continued) 

17. Enameling 

Towers 

18. Kitchen EQuip. 

19. Elec. Welders 

20. Portable Elec. 

Grinders 

21. Lead Covered 

Power Cables 

22. Power Transform¬ 

ers 

23. Maintenance Dept. 

(a) Mach. Tools 

(b) Storesrooms 

(c) General 


1. Outdoor Substation 

2. Pole Lines 

3. Outdoor Power 

Lines 

4. Buildings 

5. Fences 

6. Bridges 

7. Walks 

8. Driveways 

9. Fire Escapes 

10. Stacks 

11. Manholes 

12. Safety Belts 


Note: This does not in¬ 
clude Fire Fighting 
Apparatus and Sys¬ 
tems (Being Covered 
by another Depart¬ 
ment) 


Figure 39. Schedule of Routine Inspection 

schedule for routine inspection in effect at the Westinghouse Electric and 
Manufacturing Company plant. 

Methods and Extent of Maintenance—Buildings. —Maintenance 
of buildings calls for a variety of work. Outside walls should be in¬ 
spected for cracks and openings around windows, and for disintegration 
of mortar joints. Necessary repairs may be effected using either a 
cement mortar or a never-hardening pointing material for open joints, 
and oakum and mastic calking compound about windows. Windows 
should be washed at least twice a year, broken panes repaired, defective 
putty replaced, and any necessary painting done. Roofs fail most often 
where flashings occur. They should be looked over once a month and 
thoroughly inspected twice a year. Roofs guaranteed and protected by a 
surety bond will be repaired by their makers. A mop coat of hot compo¬ 
sition is recommended for built-up roofs every five years. The service of 
specialists in this work is recommended. Foundations and footings need 
to be checked for settlement and imperviousness to water. It is better to 
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repair leaky walls of concrete from the outside, raking out any cracks 
and cutting back the edges to form a V-shaped ^groove. These can be 
filled with cement mortar packed in tight with a tool. The wall surface 
can then be given a coat of cement mortar, scratched rough to receive 
a second coat before the first becomes hard. Mop coatings of pitch or 
tar are also effective. Exterior painting needs renewal every two or three 
years, perhaps oftener where conditions are particularly adverse. Interior 
painting should be checked for light reflection and appearance once or 
twice a year. Maintenance of floors is most often made necessary by 
overloading or improper installations. Concrete floors are repaired by 
patching; mastic floors by filling cracks or applying heat to close cracks; 
wood and wood block floors by renewal of worn sections, or steel plates 
may be laid to protect areas of excessive wear. Prevention of accidents is 
an important factor in floor maintenance. 


Elevators.—Various types of elevator maintenance are offered by 
manufacturers. The service department of the Otis Elevator Company 
operates in 178 cities. The simplest service covers an ordinary examina¬ 
tion with resulting report to the owner on the condition of the apparatus. 
The next type of service is examination at regular intervals, including the 
lubrication of the apparatus and adjustment of the ])arts. Another service 
provides these same features and in addition replacement, without addi¬ 
tional charge, of small items, such as carbon and copper contacts, 
springs, washers, etc. A complete service covers regular examination, 
cleaning, lubricating, adjusting, furnishing of all parts required, making 
repairs, including new ropes which may be needed during the life of 
the contract. This service is at a fixed cost, expert, and assures con¬ 
tinuous operation and safety. Emergency service is available day or 
night. If inspection and maintenance of elevators is done by plant em¬ 
ployees they should be specially instructed in the work and inspections 
made at regular intervals. 


Heating and Ventilating Equipment. —Periodic inspections should 
disclose operating deficiencies in piping systems, radiators, valves, and 
traps. Minor and necessary repairs may be needed, but others may be 
postponed until the late summer when the entire system can be given 
attention and made ready for another heating season. Parts of the ven¬ 
tilating and air conditioning equipment, such as fans, motors, pumps, etc., 
may need daily attention. Otherwise, maintenance of unit heaters and of 
air conditioning equipment is almost negligible. 


Power Equipment.-— Shafting needs to be checked for proper align¬ 
ment, loose hanger bolts watched for, and lubrication attended to. Power 
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drives need to be looked over. Motors require technical attention to 
check loads, insulation, and to note probable damage due to moisture or 
dust, and condition of minor parts. Lubrication and cleaning should be 
periodic. 

Sanitary Facilities. —I'he maintenance of wash rooms and olumbing 
fixtures generally consists of proper janitor service and attention during 
the day. Matrons on duty in women’s rest rooms will report any fix¬ 
tures out of order, and prompt attention should be given to them. 
I’eriodic inspections will, of course, be made throughout by the main¬ 
tenance department. A cleaning department will thoroughly clean all fix¬ 
tures every night, and check the mechanical functioning of all faucets and 
equipment. Floors of wash rooms should also be scrubbed at these times. 
L-ocker rooms should be cleaned daily and scrubbed weekly, or oftener, 
as required. Supplies of towels, soap, and toilet paper should be replen¬ 
ished each day, containers being provided for soiled towels. The attrac¬ 
tiveness and cleanliness of sanitary facilities influences employees to use 
them properly, minimizes repairs, and promotes sanitary habits and con¬ 
duct. Employee morale is influenced by the adequacy and attractiveness 
of personal service facilities. 

Drinking water fountains should be of impervious vitreous material, 
with a jet of nonoxidizing material. A daily or semi-daily cleaning 
should be tliorough, not only of the fixture, but of the area immediately 
adjacent. 

Fire Protection Equipment. —Fire extinguishers should be re¬ 
charged immediately after use, and at least once a year. Any damaged 
or frozen extinguishers should be reconditioned by the maker. Unlined 
linen hose deteriorates when left wet. Fire buckets must be kept filled. 
The addition of calcium chloride to the water, 5 pounds for each gallon, 
will protect it from freezing down to 10 degrees below zero. Sprinkler 
systems must be protected from freezing, and the heads free from corro¬ 
sion, paint, or dust deposits. The water supply should be checked as to 
quantity, and the proper working of pumps and equipment tested peri¬ 
odically. Dry-pipe systems must be checked for leakage of valves which 
may cause ice to form in the pipes and prevent their functioning when 
needed, if the proper air pressure has not been maintained. 

Yard hydrants may freeze due to leakage or poor drainage. They 
may be thawed out by using steam or hot water with unslaked lime added. 
Hydrants should be flushed and oiled about twice a year. Fire doors and 
fire windows should be inspected to see that they work freely and 
smoothly, and that all automatic devices are in order. Materials and 
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equipment must not be piled against them so as to hinder proper closing 
or obstruct passage. , 


Control of Maintenance Costs. —Maintenance expenses may be (1) 
based upon production cost, units of output, or labor hours; (2) con¬ 
trolled by a budget; or (3) simply paid as incurred on a basis of need. 

In (1) a relation may be established on the basis of production cost in 
dollars, the amount allotted may vary with the units of output, or a ratio 
established between hours of maintenance and hours of productive labor. 
Tn (2) the preparation of a budget suggests previous experience and a 
consideration of the needs during the period in question. Proposed ex- 
[)enditures may be charted to show estimates in accordance with the kind 
of work and by weeks or months. Actual expenditures may be checked 
against these figures. When maintenance work is carried on as indicatea 
in (3), results depend upon intelligent direction and close supervision 
of the work. Labor costs may be reduced by some form of bonus system, 
providing time standards have been established for the tasks performed; 
otherwise they are likely to be excessive. 

Depreciation on buildings, the upkeep of grounds, and some other 
maintenance department expenses are largely independent of the volume 
of production, but departmental maintenance costs show a closer rela¬ 
tionship. One company varies expenditures for departmental upkeep on 
a sliding scale from a minimum at 30 % activity to a maximum at 85% 
activity. 


Time Standards and Incentives for Maintenance. —It is recog¬ 
nized that maintenance work involves doing many different kinds of 
work. Likewise the conditions surrounding jobs vary, as does the extent 
of each task. Nevertheless it has been found possible and feasible to 
analyze such work, measure tasks in terms of work time and effort, 
and establish plans for compensating workers which reduce costs. Sav¬ 
ings of from 25% to 50% are usual, with increased earnings for the 
workmen of from 15% to 20%. 

In plants where time study service is not available, progress toward 
greater effectiveness can be made by keeping complete records of work 
done. An analysis of such data together with experience provides a 
rough basis for setting job times. Workers may be paid a regular 
hourly rate, and in addition for part of the time saved. 

Time study departments analyzing maintenance work proceed to 
establish standards for each kind of work with respect to equipment, 
methods, and working conditions. They then study each element of a 
particular task separately, arriving at performance times which are 
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reasonable for the average man hired for that kind of work. Figure 40 
shows a chart prepared covering time allowances, for painting windows. 
Figure 41 shows an estimate made for a painting job using similar data, 
and the actual time taken. 

Incentive wages for maintenance workers performing tasks covered 
by time standards are provided by the application of incentive wage plans 
as described in the chapters on wages. 

Maintenance Records. —The permanent records of the plant mainte¬ 
nance department should cover the location of every important feature 
of the entire plant and all permanent records of the physical plant. 
Among these are: 

1. Property maps. 

2. Building plans and specifications. 

3. Power plant plans and specifications covering buildings and 

equipment. 

4. Underground piping maps. 

5. Maps of all factory piping, including steam, power and heat, 

water (hot and cold), service and drinking, fire equipment 
(sprinklers, hydrants, and play pipes), as well as giving the 
location of fire fighting apparatus and exits. 

6. Layout of shop mechanical handling facilities. 

7. Perpetual inventories of machinery and equipment. 

8. Drawings and specifications of machinery and equipment with 

list of parts convenient for use in ordering replacements. 

9. Records of inspections, adjustments, repairs, and costs. 

10. Machine and departmental layouts. 

A record of piping is secured by painting and other markings to indi¬ 
cate the fluid that is transmitted. Standard colors are used. 

The Housekeeping Organization. —The organization of the janitor, 
cleaning, and sanitation service for industrial plants has not been stand¬ 
ardized. It is essential to know what is to be done, how it is to be done, 
and when. This implies planning of the work, and its scheduling. As a 
]:)asis for this time standards may be developed covering all phases of the 
routine work, and an incentive wage plan evolved as a stimulus to 
effective effort. With adequate data of this kind at hand, work charts 
may be prepared and expense budgets determined. Substantial savings 
may be expected to accrue as a consequence of the definite knowledge 
gained and a check made upon accomplishment as against planned 
expectations. 



CHAPTER 13 


MATERIALS HANDLING 

Economies Secured with Good Shop Transportation. —Rising 
costs and keen competition have forced plant managers to consi der tlie 
savings that can be effected by effi cient s ystems for handlinfy materials . 
In past years so much emphasis has been placed upon the perfection of 
machine processes and their contribution to rapid and low cost manu¬ 
facturing, that other ways of facilitating work and lowering costs have 
not received merited attention. Yet, when analyses of production troubles 
are made, many are found to be the consequence of poor management in 
handling work in process. 

A condition which has delayed general recognition of the part played 
by material handling equipment has been the lack of cost information. 
' M aterial handlin g is fundamen tally a conn ecting link l)etween various 
production machines or operations, j As a consequence the facts about 
handling costs have been hidden away in overhead cliarges. 

The problem of shop transportation involves moving materials eco¬ 
nomically and eliminating as completely as possible nonproductive labo r 
and time between operations . Surveys indicate that handling costs i n 
factories amount to from 5% to 80% of the produc tive lalKir i)ayroil, 
and that processing or operating time may be but a small per cent 
of over-all manufacturing time. In many plants much saving may be 
eflected. Good materials handling tends to (1 ) increase the efficiency of 
productive labor. (2) increase the productivity of equipment and flo or 
s pace, (3) decrease the volume of goods in process. (4) eliminate non - 
productive labor, and (5) lower the direct costs of handling materials. 
Benefi t may also accrue m (b) simpli fying production control, (7) re- 
ducing damage incurred by h andling, and (8) more accurate scj^uling 
of completion dates, f 

Materials Moved Govern Kind of Equipment Selected.—The 

nature of the materials to be moved influences the choice of handling 
equipment. There are differences as to kind, weight, quantity, bulk, per¬ 
ishability, value, and destructive qualities. Liquid and bulk materials 
which can be handled in fluid form are common in the continuous flow 
industries, of which flour mills, starch factories, and bottling plants are 
typical. On the other hand, in assembly industries where machine manu- 
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facture is employed, materials are in unit form. Fluid material may be 
handled in pipe lines, chutes, or on belt conveyors by a continuous move¬ 
ment. While weight, bulk, distance, quantity, ancl other characteristics 
influence the selection and design of proper equipment, ordinarily very 
large quantities can be handled mechanically at a lost cost. Unit materials 
more often require loading and unloading and individual handling at 
operation points. Small parts may be contained in pans or tote boxes, 
or quantities stacked on trucks. Larger pieces may need to be handled 
separately either on trucks, conveyors, or by overhead devices. 


Fixed and Flexible Types of Equipment.—In the continuous type 
of manufacture a fixed route prevails and the variety of principal mate¬ 
rials may be limited to but one kind, as in the making of cement, brick, or 
flour. In these instances transportation facilities are designed “into’’ the 
plant structure and arrangements, and function as a part of the produc¬ 
tion machinery. The manufacture of a single standard product or of 
parts which go through the same sequence of machine operations, permits 
the CvStablishment of fixed lines of travel also. The facilities needed for 
movement of parts can be predetermined accurately and provided in the 
form of conveyors, belts, cranes or other devices which are also built in. 
These devices serve to interlock machine operations and unify the plant 
as a whole. 

When several departments and many machines are used in the pro¬ 
duction of a variety of articles, some form of trucking is more likely to be 
resorted to because of the many diflFerent material routes. Likewise trans¬ 
portation facilities for a jobbing business must be adapted to moving 
goods along any route chosen. Orders are unlike and parts differ in size 
and kind. Such conditions call for a flexible system of shop trans¬ 
portation. 

Materials which are easily damaged by handling must be given pro¬ 
tection as they move along. Contact may injure surfaces or destroy*, 
finishes; fragile items must be kept separate and not jolted, and valuable •. 
items -inust be protected against theft. Acids, if not handled properly 'w 
and carefully, may cause accidents or property damage, and the same 
applies to hot metals in foundries, to explosives, and to heavy machine 
parts. 

Classification of Handling Devices.—A general classification of ma¬ 
terial handling equipment might be: 

1. Lifting and Lowering Devices 

2. Tran.sporting Devices 

3. Devices Which Both Lift, or Lower, and Transport 
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Various devices are grouped under these three main headings, accord¬ 
ing to whether they are mainly used to move their loads vertically, 
horizontally, or to both lift and carry.^ 

A very simple transporting device not ordinarily included in equip¬ 
ment lists consists of a flat steel plate with front edge turned slightly 
upward and with chains for attaching to a truck or tractor. This may 
be dragged over wood l)lock and other heavy duty floors without objec¬ 
tionable abrasion, and used to carry parts, packages, or boxes. 

Hoists.—There are three principal types of hoists: those oi)erated by 
chain, by air, and by electricity. They may also be classified as those 
which are in fixed positions and those with trolleys running on over¬ 
head rails. The chain hoist, hand operated, is adaptalile to almost any 
service and is particularly desirable where other forms of power are not 
available, or the cost of more expensive equipment is not justified. 
Ordinary sizes range from one-quarter ton to two or tliree-ton cajiacities. 
They are light in weight, portable, easily and safely operated. Ten-ton 
equipment is obtainable. 

Air and electric hoists enjoy a wide range of usefulness for handling 
both light and heavy loads. They accom})lish the work of many men 
rapidly, economically, and easily. Fragile materials arc handled without 
damage. Hoisting apparatus of this kind attains greater usefulness when 
equipped with roller bearing trolleys and given a liorizontal as well as 
vertical range. Air hoists range, as a rule, u]) to five tons, l)ut may 
be had in capacities up to twenty tons. Electric hoists may be obtained 
in almost any desired capacity. On overhead cranes electric hoists are 
frequently designed for loads of 100 tons or more. The expense of in¬ 
stalling and operating an air compressor is a factor to be considered, 
although if compressed air is needed for other operations, it may be the 
cheapest form of power. Electric power is usually more availal)le for 
hoists than air, even though direct current is required, but the fire or 
explosion hazard introduced by electrical equipment may affect the 
choice. 

Elevators.—Elevators are of several types. Tlie familiar platform 
freight elevator is used to transport from one floor to another over a 
fixed vertical route. The merit of this type is its ability to carry different 
kinds of material, serve several floors, and form the connecting link in 
many independent material routes served by different tyi)es of equipment. 
Moving equipment, such as trucks, may be carried as part of the load. 

^ For more information as to kinds of equipment, operation characteristics, capacities, 
and economy of use, see Cost and Production Ilandbook, Sec. 17. 



(Courtesy of Wright Manufacturing Division of American Chain & ('able Company, Inc.) 
Figure 42. High Speed Hoist and Jib Crane Installation Serving Boring Mills 



Figure j43. Use of Electric Magnets for Picking Up Pig Iron. A Roller Conveyor 
in the Background Is Used to Unload Cars 
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(Courtesy of The Austin Co.) 

Figure 44. For Handling Heavy Machine Parts, Overhead Cranes Arc Essential 



(Courtesy of American Monorail Co.) 

Figure 45. A 160 Foot Double Bridge Crane with Cage Hoists in Aircraft 

Assembly Plant 

Crane is propelled by rubber wheels under each of the nine runways. 
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Special types of elevating equipment which handle package or unit 
materials only are in use, such as the arm elevator and suspended tray 
types. The suspended tray elevator consists of i series of pivoted sus¬ 
pended trays attached to two strands of endless chains or cable running 
over top and bottom sprockets or cheaves. As the tray travels upward, 
its projecting fingers pick up the load, which has been momentarily rest¬ 
ing on the loading arms, carry it over the top and deliver it at the desired 



(Courtesy of GiflFord-Wood C^.) 
Figure 46. A Lumber Elevator and Conveyor 


floor on the down side. Horizontal runs may be added to the usual 
vertical section. With this equipment empty containers may be returned 
on one side while filled carriers are being lifted on the opposite side. It 
is not adapted to handling a wide range in sizes of articles because of the 
difficulties in providing automatic loading and unloading, but the use of 
gathering boxes overcomes this objection, at least partially. The arm 
elevator is best adapted to handling objects of uniform size, such as 
barrels, bales, boxes, or bags. With the. finger-arm carriers in most 












(Courtesy of The Lamson Co.) 

Figure 47. Push Bar Type of Elevator in Combination With Gravity Roller 

Conveyor 



(Courtesy of Gifford-Wood Co.) 


Figure 48. Vertical Elevator Handling Milk Cans, Automatic Loading and 

Unloading 
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common use packages are picked up automatically from the loading 
fingers or stations at any floor on the up side and ^discharged over the top 
only. For gravity lowering, controlled by small motors or mechanical 
brakes, this type has also found a fairly wide field of application. Auto¬ 
matic loading and unloading from and to other conveyors is sometimes 
arranged. 

Bucket elevators consist of a series of buckets mounted on or carried 
by one or two strands of chain or belt. The buckets may be spaced either 
some distance apart or close together. Their function is to elevate or 



(Courtesy of Link Delt Co.) 
Figure 49. Elevating and Conveying Sections of Bucket Conveyor 


lower material from one level to another and they may be operated in 
vertical, horizontal, or inclined positions. In one form or other they are 
adapted to handling any kind of loose bulk material. 

The push bar type of elevators have blocks of wood or bars attached 
to one or more strands of chains which run over end sprockets. The 
double-strand roller chain design is an improved type. Motion is given 
to the packages by the pushing or dragging action of the bars. For 
handling heavy objects a runway bed of steel or wood rollers facilitates 
their travel and reduces the drag on the machine. This type is exten¬ 
sively used in light manufacturing operations, but it is not well adapted 
^ handling bags, loose bundles, or unsymmetrical packages. Its chief 
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advantages are simplicity of operation, low first cost, and ease of auto¬ 
matic loading. It may be inclined at angles of 60 to 75 degrees, and has 
a capacity range from 500 to 1,200 packages per hour at chain speed of 
60 to 90 feet per minute. 

Trucking Equipment.—This includes hand trucks, three- and four- 
wheel platform trucks, hand lift trucks, power trucks, power lift trucks, 
crane trucks, tractors and trailers, and industrial railways. Accompany¬ 
ing illustrations show a number of tliese in use. 



(Courtesy of Stuebing-Cowan Co.) 

Figure 50. Heavy Loads, Stacked High, Are Handled Cheaply by Hand Lift 

Trucks 

For short movements of parcel freight hand trucks cannot be dis¬ 
pensed with. The two-wheel type are designed to pick up, move, and 
drop loads with a minimum of effort on the part of the operator, and to 
work in areas too small to admit larger equipment. Three- and four- 
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(Courtesy of Automatic Transportation Co.) 


Figure 51. Handling Wire on Metal Skid with Lift Truck 









(Courtesy of Elwell-Parker Electric Co.) 

Figure 53. A Ten-Ton Load of Machines. Thirty-Ton Loads May Be Handled 
witli This Type of Equipment 


Lift Trucks.—The use of lift trucks makes it possible to move goods 
and avoid rehandling by using movable platforms or skids. As two-thirds 
or more of the time spent in handling materials is often used in load¬ 
ing and unloading, this possible saving is important. The hand-operated 
lift truck is used for short hauls and a small volume of handling where 
the extra cost of power lift truck service is not warranted. Material may 
be piled as high as ordinarily feasible in storage, and loads of two tons or 
more may be readily moved. As the full platform area of trucks may be 
used, there is no waste space. 

One man with a lift truck will perform five times as much work as a 
man with an ordinary truck. Roller bearing equipment makes big loads 
possible. When not in use, the movable platforms can be stacked, thus 
conserving floor space. Standard practice in many plants is to place 
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goods as received upon movable platforms, and thus avoid all rehandling 
up to the point of use. In some lines suppliers find it advantageous to 
deliver materials such as paper stocks, sheet stefel, and heavy machine^ 
on platforms or skids which can be handled by lift trucks. This is an 
economy to buyer and seller alike. 

Tiering Trucks—Crane Trucks—^Tractors and Trailers.—Elevat¬ 
ing or tiering trucks are of great convenience in stacking articles or re¬ 
moving material from shelves. The lifting platform may be similar to 
that of the usual lift truck, but it is capable of being raised to a greater 
height. Such equipment aids in utilizing s])ace, increasing storage 
capacity, and conserving time and man power. 



(Courtesy of The Baker-Raulang Co.) 


Figure 54. Tiering Trucks Pick Up, Move, and Pile their Loads 
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Power trucks equipped with cranes are used for picking up and trans¬ 
porting heavy articles. They are more flexible in use than man power, 
and possess much greater strength. Loads of 6,000 pounds may be lifted 
and moved at speeds as high as IS miles per hour. 

Tractors and trailers will handle material at less cost per ton than 
power trucks. Though they lack the extreme individual flexibility found 
in the latter, their maintenance and operating costs are less since one 
power unit pulls many detachable trailers. The tractor-trailer system 
(1) increases the hauling capacity of the power unit, (2) reduces moving 
costs, (3) saves the time of truck or tractor wdiile loading or unloading 
takes place, (4) moves objects that cannot be handled on trucks alone, 
and (5) accommodates itself readily to varying demands for service. 

Conveyors.—Modern materials handling has made extensive use of 
conveyors of all kinds. They are adapted to use in shipping rooms, 
foundries, bottling plants, machine shops, and assembly lines. In fact, 
they have almost universal application when transportation is to be made 
along a fixed route and for not too long a distance. Mass production 
could scarcely exist without the many types of conveyors it einplox'S not 
only to move materials but to facilitate processing. Belt, apron, roller, 
and chain conveyors are commonly employed for this purpose, but there 
are many other types as well. 

Belt conveyors usually consist of an endless fabric belt, on which 
material is placed and which travels over idlers spaced at intervals. The 
belt may be formed into a trough shape by using .special idlers. This 
type is used for moving many products, including both bulk materials 
and light or fairly heavy unit parts. The continuous surface of the belt 
adapts it to packages of even the smallest size. By utilizing the return 
run of the belt, containers or articles may be moved in a reverse direction, 
but this is not common. Power requirements for l)elt conveyors are 
small, the equipment is smooth and noiseless in operation, has great 
carrying capacity, and loading or unloading is readily effected at any 
point. The belt fabric is subject to wear, however, and must be replaced 
more or less frequently. Belt conveyors are run successfully on an up¬ 
grade. By attaching to the belt cleats or arms it is possible to move 
fairly heavy packages up steep inclines. Flat belt conveyors of stainless 
steel are in use and contribute to sanitation in the handling of food 
products. 

Apron or platform conveyors usually consist of one or two chains to 
which wood or metal slats are attached, so as to form a continuous apron 
or platform, which supports and carries the load. Pan conveyors are 
similar to the apfon type, except that they have pans of considerable 
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width for a carrying medium. The capacity of these types is lower tlian 
that of belt conveyors on account of necessary differences in operating 
speed, but they are more durable. ■ 

Installations of roller conveyor systems are very common. Prac¬ 
tically, any object may be handled either directly on the rollers or in 
trays. When set at very slight inclines gravity action is sufficient to move 



(Courtesy of The Lamson Co.) 


Figure 55. Orders Are Carried .o Packers on Belt Conveyor at Right 

Loads are deflected to roller conveyor sections by electric controls. The platform con¬ 
veyor at left takes boxes to shipping department. 

goods, and where needed power sections may be used. The use of 
booster sections to elevate* goods to upper stories has greatly extended 
the scope of gravity handling. In some large buildings this type of equip¬ 
ment, combined with roller spirals, is depended upon for all conveying 
service. Portable sections used from stock piles to the main conveyor, 
and vice versa, add greatly to the flexibility of the system. The equip¬ 
ment is simple, compact, and of rugged construction. 

Spiral conveyors of the chute and roller type are designed to handle 
unit products in vertical direction and often as connecting links in hori- 
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(Courtesy of The Lamson Co.) 


Figure 56. Conveyor Equipment Leading to Spiral Chute 
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zontal systems. When goods are finished on upper floors they are eco¬ 
nomically delivered by means of this type of equipment to machines, into 
stores or waiting cars below. The gravity roller spiral offers an economi¬ 
cal means of lowering packages which must be handled with care. Any 
package which will travel on a gravity roller conveyor can be lowered 
directly on the rollers, while the use of pallets, trays, or tote boxes per¬ 
mits the successful handling of small parts and irregular objects. This 
makes a roller spiral specially applicable to manufacturing purposes. 
Gravity roller spirals can be used as temporary storage for fragile prod¬ 
ucts since they will start or come to rest easily and evenly on the roller 
runways. 

The conveying capacity of the roller spiral is practically unlimited, 
depending only on the grade at which the runway is set. For such 
packages as barrels on end, filled tote boxes, or trays with easily dis¬ 
arranged contents, the roller runway is more satisfactory than the fric¬ 
tion spiral. It occupies more space than the latter, but affords more 
storage space. Another advantage is the absence of wear on baskets and 
containers used to carry goods. 

Screw conveyors consist of a half-round or enclosed trough in which 
a spiral blade rotates about a center shaft pushing the material along. 
They are used extensively for handling grains, flour, cement, and similar 
materials. 

Pneumatic conveyors are particularly adapted for handling grains, 
cotton or other bulk materials which are not sticky or fragile. Shoveling, 
rehandling waste, spillage, and contamination are eliminated. Suction 
inlets may be of the hose type which can be moved about and into corners, 
and the pipe lines are run in out-of-the-way places or overhead. Air is 
used to move materials economically from 25 to 2,000 feet. In some in¬ 
stances this possibility will overcome the handicap of poor departmental 
arrangements in existing plants. For liquids, pipe lines are used, oper¬ 
ating by gravity or under pressure. 


Assembly Line Conveyors.—Conveyors used for assembly lines are 
not essentially different from those described, and may be the same. 
Adaptations of the various types to fit specific requirements are often 
effected. Figure 57 shows a two-strand chain type of conveyor with 
wheels running on rails. Mounted on the chain are seats to hold the 
machinery being assembled. Unduly long assembly lines are avoided by 
providing short parallel lines for unit assemblies. 


Overhead Conveying.—Overhead rail systems carry parts or unit 
assemblies from one operation or assembly to another. Overhead systems 
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Figure 57. Tractor Assembly Line 






(Courtesy of General Electric Vapor Lamp Co.) 

I’igure 59. Conveyors Coordinate Washing, Sterilizing, Inspection and Bottling 

Operations 













(Courtesy of Standard Conveyor Co.) 

Figure 61. A Portable, Combination Filer Stacking Sacks in a Large Sugar 

Refinery 
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of conveying have the merit of keeping traffic off the floor, and providing 
continuous, large capacity equipment which handles products without 
danger of damage. Man power is also saved. The idea was probably first 
used extensively in the packing houses, where carcasses are handled 
through production, into storage and later into cars this way. When dip¬ 
ping operations are to be performed a section of track is designed to be 
lowered and raised. Many assembly, finishing, painting, and baking oper¬ 
ations may be performed on articles suspended from overhead hangers. 
Monorails equipped with traveling cage hoists provide a versatile pick-up 
and moving service. 

Cranes.—Cranes allow for three dimensional movement of materials, 
a feature which is essential in many operations. Common types are the 
jib, overhead, and gantry. Figure 42 pictures a jib crane in a machine 
shop. While the area served is limited, the areas of service for adjacent 
cranes can be made to overlap sufficiently, so that with this type of equip¬ 
ment a heavy part can be moved through a sequence of operations and 
placed in working positions at successive machines. In the example 
shown a load picked up by the chain block hoist can be moved vertically, 
and as the boom may be swung through a half-circle, the load may be 
placed at any point within the area. Air or electric hoists can be used as 
a part of the equipment. 

Overhead cranes are as varied in design as the need for tliem, and 
combine different degrees and types of mechanical operation. Some are 
operated from the floor, have hand-operated hoisting equipment, and 
are moved longitudinally by pushing the load. Other designs range from 
the single girder of short span, equipped with a simple chain or electric 
hoist for comparatively light handling, to the multiple girder type 
equipped with electric hoists capable of raising 100 or more tons. In¬ 
stalled on elevated runways, cranes permit the use of all floor space for 
storage or manufacturing purposes, and having both transverse and 
longitudinal motion, they reach all points of the floor area. Figures 44 
and 45 illustrate the effective use of bridge type cranes. 

Gantry cranes are an adaptation of the overhead type of crane for 
outdoor service. The crane bridge is fixed on trestles having legs which 
are generally mounted on trucks similar to those used on overhead 
traveling cranes. The whole structure moves on rails at the ground level. 
The crane is then known as a traveling gantry. To meet special oper¬ 
ating conditions they are sometimes constructed vnth one gantry leg— 
the other end of the bridge being supported by other means; wdth a single 
or double cantilever bridge; or with a movable cantilever at one end. 
Gantry cranes are made with a span upward to 200 feet or more. They 
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Figure 63. A Gantry Crane in Storage Yard 
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are used in storage yards, and extensively in shipyards for erecting pur¬ 
poses and for ship fitting work. , 

Analyzing Comparative Handling Costs.—Reports analyzing com¬ 
parative handling costs between different types of equipment should be 
prepared with great care and thoroughness. Besides investigating the 
amount of work which each type can accomplish and the direct expenses 
incident to operation, several indirect costs may also be incurred. These 
include (1) value of production lost during installation, (2) loss of value 
of equipment previously in use, (3) differences in investment, insurance, 
tax, depreciation and obsolescence charges, (4) effect on breakage, 
(5) accident hazard, (6) use of floor space, and (7) building alteration 
and maintenance charges. 

Because the cost for mechanical handling equipment is oftentimes con¬ 
siderable, the returns should be substantial. Depreciation, obsolescence, 
and changed manufacturing conditions are factors which greatly affect 
the value of this kind of equipment. The majority of investors expect to 
have a full return within one, two, or three years' time; some are con¬ 
tent to wait a year or two longer. General rules will not apply, however, 
for some forms of conveying equipment are still in operation after 25 or 
30 years of satisfactory use. 

Influence of Building Design.—The successful handling of mate¬ 
rials is often a difficult task in existing buildings not particularly designed 
for the j^urpose used. If they are ten or more years old the requirements 
of modern handling methods in structural design and arrangements will 
probably not have been anticipated. Elevators may not be located in 
strategic places, nor floor systems designed to sustain the shock loads 
imposed by heavily loaded trucks. Few old buildings have ramp truck- 
ways from floor to floor. The installation of overhead equipment, such 
as cranes, monorails, and hoists, requires carrying power in trusses, 
columns, and ceilings that will likely be lacking. Conveyor lines through 
floors are not always feasible, because of the existing construction. The 
cost of cutting reinforced concrete floors is a very considerable item, even 
if it is possible without seriously weakening the structure. The same 
objection exists to the installation of elevators, spiral conveyors, and 
chutes; and the fire hazard introduced must be guarded against. Flex¬ 
ibility in original design and anticipation of future possible requirements 
add to original costs, but they pay in the long run. 

Organization for Handling.—Plants with extensive handling prob¬ 
lems and a great deal of equipment find it pays to employ a superin- 
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tendent of traffic. In medium-sized and small plants responsibility should 
be centered in one individual, who may devote part of his time if not all 
of it to the administration and improvement of handling facilities. 

In many small plants it is unnecessary to work out complete schedules 
for moving goods in process, or controlling equipment movements from 
a central station. Tlie attention of foremen, mechanics, and move men 
suffices to keep products moving without unnecessary delays in natural 
channels. The constant check afforded by the production control system 
also aids in keeping materials constantly progressing toward completion. 
In larger plants established channels of flow are not so self-evident, and 
the foreman’s casual attention is not sufficient. 

The principal task of a transportation superintendent is to organize 
and use equipment effectively in prompt movement of goods. Handling 
demands are studied and, so far as practicable, a standard procedure and 
schedule are evolved for all material movements. Regular routes may be 
laid out, and clearing stations and transfer points designated. A central 
office, available by telephone, controls all movements and provides special 
service in case of unusual demands or contingencies. Experience shows 
that centralized control invariably brings operating economies and better 
service where the problem is extensive. 



CHAPTER 14 


PLANT LAYOUT 

Planning the Layout.—The proper layout of a manufacturing plant 
is an ever-recurring problem. It entails a consideration of the arrange ¬ 
ment of buildings, departments, workplaces, nmcliin es, lighting and venti - 
lating equi pment, and other phvs i^^l f^atureq _ Even before the building 
is constructed the layout of the production facilities should be analyzed 
and a decision made on the arrangement desired, for this may have a 
profound effect on the design and location of the buildings required. 
After construction has been completed and the factory has started oper¬ 
ations, the problem of layout is not ended, for new processes, new ma¬ 
chines and new products make it necessary to keep studying the plant 
arrangement to see if a better layout cannot be obtained. 

To a large degree economical production depends upon skilled plan¬ 
ning in determining tlie plant layout. Changing the location of machines 
is expensive, but if it results in operating economies the money is usually 
well spent. Considering the factory as a production machine, the layout 
of departments and their relation to each otlier must be right or the 
machine will be clumsy and awkward in operation, and consequently in¬ 
efficient. Careful planning should precede the beginning of operations 
on new models, for tliat is the time when changes can be made with 
the least disruption in operating schedules. Often months are spent in 
deciding such problems, since what affects one part of production may 
influence many others. 

Influence of Layout Upon Costs.—Manufacturing arrangements 
greatly influence the amount of labor effort in handling work in process, 
length of hauls, and consequently cost of handling; the time of work in 
process and its volume; expense of production control, cost of inspec¬ 
tion and counting; investment in equipment; and space requirements. 

Analysis of Manufacturing Requirements.—A study along the 
following lines is suggested as preliminary to final action in matters of 
layout and arrangement, equipment selection, and housing facilities. 

1. The desired capacity of the plant, and the estimated capacity. 

2. The divisions of the manufacturing schedule to determine the number 
and variety of the sub-assembled or finished units to be produced. 
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3. A list of materials or parts comprising the product to determine which 
ones will be manufactured and which ones purchased and stored. 

4. The production equipment or plant facilities needed for the desired 
capacity of the initial plant, including any special provisions or structural 
features which will facilitate production. 

5. A study of the manufacturing and assembling operations necessary to 
produce a finished or sub-assembled unit, to check the proper spacing of 
equipment. 

6. The time interval required between successive operations, if any, to 
check the need for and location of storage space. 

7. I'he sequence of operations in manufacturing and assemlily depart¬ 
ments in order that departments and equipment shall be in logical and con¬ 
venient relationship for the progressive flow of materials. 

8. The space requirements per department to house the production equip¬ 
ment and provide the space needed for aisles, storage or auxiliary depart¬ 
ments. 

9. A review of the various operations entering the process to determine 
whether certain departments should be isolated from the standpoint of 
safety, noise or special process needs. 

10. A summary of the floor space needs of the initial plant, which areas 
can be proportionately increased for the different departments, based on an 
assumed future capacity after a certain period of years, thus providing an 
approximate l)asis for estimating the space requirements and develoi)ment of 
a suitable layout for the ultimate plant development.^ 

Influence of Processes.—Processes determine layout, and arrange¬ 
ments for manufacture sliould be a logical expression of production 
process needs. Some requirements lend themselves to housing in one 
building, in either a single-story or multi-story structure. ITinting, book¬ 
binding, some textile and leather i)roduct plants, bakeries, candy, and 
hosiery ])lants provide exam])les; although in the latter the dyeing and 
mercerizing departments may be placed in separate units. Thus, in l)leach 
and dye works, cloth printing e.stablishments, and where polishing and 
buffing, plating, or painting and enameling departments are needed, 
separate housing and different building constructions may be necessary 
or preferable due to vai)ors and fumes, dust and dirt, presence of acids, 
or fire and explosion hazards involved. Gravity handling of materials, 
especially li(|uids, calls for multi-story buildings as in starch factories. 
In corn products ])lants, and in the metal trades industry, a number of 
separate buildings are usually called for because of the differences in 
nature of the processes carried on. 

^ “Iiiflut'iicf of Design on IMant Efficiency,” by II. T. Moore, Mechanical Engineer' 
ing, Vol. 47. No. 11a, pp, 1059 1060. 
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Flow Sheet of Processes.—A study of materials and work in process 
will disclose a main channel or flow of work, the departments required, 
and approximate areas and locations. The problem is most simple when 
but one product is produced, such as cement or brick; or when all items 
move along the same path and sequence of operations, as in a tire plant. 
It becomes more complicated as a variety of items are produced, with 
varied processing and machine requirements. In these cases it is neces¬ 
sary to prepare flow sheets or route charts for the more important items 
from the volume and handling standpoint. Departments may then be 
located so that the layout is most effective, all items considered, although 
less so for some of them. Figure 64 shows a flow sheet for a printing 
plant. 

Preliminary findings with regard to paths of travel of materials will 
be subject to some necessary modifications as details are filled in, han¬ 
dling and manufacturing arrangements determined more definitely, and 
possibly to avoid impractical building constructions, or to fit into existing 
structures. 

Machine Equipment.—In designing products and planning for their 
manufacture, decisions are reached with respect to operations to be per¬ 
formed, sequence of operations on each part, and the tools and machines 
to be used. For each part there will be prepared an operation list indi¬ 
cating operations needed, where performed, their sequence, and other 
necessary information. Figure 65 provides a typical manufacturing 
analysis of this kind. This record serves also as a master route card for 
the part. A summary of similar data for all parts ])roduced with informa¬ 
tion of the time required for each operation or process will aid in deter¬ 
mining the amount of machine equipment needed for each department. 
General factors to be considered are: 

1. Volume of production. 

2. Rated capacity of equipment. 

3. Hours of work planned for. 

4. Normal production capacity considering working arrangements, 

idle time for set-ups, repairs, scheduling of orders, etc. 

It is not to be expected that a machine can be continuously operated 
to the theoretical rated capacity. Various considerations will prevent 
this. Material worked upon will vary in quality and character, tools will 
become dull, workmen will vary in proficiency, repairs will consume 
working time, and idleness at times will be inevitable due to schedules. 
Considerable latitude must be allowed in the choice of machine capacity. 
A normal capacity of 80% of the rated capacity is frequently reasonable 



PLANT LAYOUT 


Ch. 14] 


217 


as a basis for scheduling work in machine departments. In the design of 
a jobbing plant, when the output is governed by^ individual specifications, 
an equipment schedule can only be approximated. It is then necessary to 
use past experience and future predictions as a basis for decisions. 

A time analysis of different operations, together with the needed trans¬ 
portation and possibly storage time between operations, will supply 
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Figure 65. A Typical Manufacturing Analysis of a Part 


over-all manufacturing time. This will be less for parts moving forward 
a unit at a time, than for lots. Some operations require a greater length 
of time to complete than others and if parts are handled in lots, conges¬ 
tion may be caused at some points and idleness at others unless work is 
carefully scheduled and machine capacities provided to meet schedule 
demands. Figure 66 shows results of an analysis of machine times for a 
series of operations on a lot of 30 dozen refrigerators. Figure 67 shows 
the 40-hour manufacturing cycle which was planned, and indicates the 
balanced capacity of respective work stations. As noted, it is not neces¬ 
sary to await completion of an operation upon all the parts in a lot before 
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Figure 66. Machine Load Chart Showing Standard Hours Per Machine for a 
vIO-Dozen Lot of Refrigerators 

Starting the succeeding operation. In order to maintain the maniifac- 
turing cycle established, the size of tlie lots for various models was 
varied. The objective was to have the same time allowance for a standard 
lot of any type or size. 

Product designs should be analyzed by manufacturing departments 
before final approval, to eliminate features which would prove trouble¬ 
some from a production standpoint, or add to cost. 

Processes and Methods.—Industry is not static, but evolutionary. 
Processes and methods of jiccomplishment are sul)ject to change and 
improvement. It is not unknown for manufacturing plants to l)e laid out, 
built, and equipped for production, utilizing certain newly discovered 
processes, only to be rendered almost valueless because of the di.scovery 
of yet a newer and better way for obtaining the same result. 

This situation obtains more particularly in the many lines of industry 
involving chemical processes, which include soap making, the dye-trades, 
production of starch, glucose, paper, explosives, imitation leather and 
many other products. In many such industries there is a possible choice 
of processes for carrying on particular parts of the production program, 
and various factors will affect the selection of the one to be used. Con¬ 
siderations might be: (1) the quality of the output, (2) the quantity, 
(3) space requirements, (4) investment necessary, (5) reliability. 
(6) amount of labor required, (7) kind of labor, (8) ease of replace¬ 
ment of equipment, (9) probability of changes or improvements being 
effected, (10) hazard to workmen, (11) legislation, (12) smells created. 
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(13) cost, and perhaps others. A thorough economic analysis is neces¬ 
sary to arrive at the correct answer in each case. In the mechanical 
trades improvements of machinery and equipment are constantly being 
made. Likewise, competition and the results of market surveys frequently 
suggest variations in production, and it shenild be possible to effect 
corresponding changes in layout at the least cost. Thus it will be seen 
tliat layout and equipment should be as flexible as possible. 

With processes and methods decided upon, the selection of machinery 
and equipment for the various departments is next to be made. 

Selecting the Equipment.—The wise selection of equipment requires 
a knowledge of the fundamentals of good engineering design; it implies 
a thorough familiarity with different types and kinds of equipment and 
experience with its use. The manufacturer is often the best judge of the 
equipment he needs. In larger plants a committee composed of the 
general manager, superintendent of production, and head of the engi¬ 
neering department may act. There are advantages, however, in utilizing 
the services of specialists if circumstances warrant. It is not unusual to 
have a score or more of machinery and eciuipment companies competing 
wlien even a moderate size plant is to be equipped. It takes time to hear 
these many appeals, and considerable expertness to evaluate accurately 
their various claims. 

Consulting engineers in this field l)ring to bear upon specific problems 
a wealth of experience gained throughout a wide range of industry. They 
have had opportunity to study equipment and machinery in operation 
under varying conditions. They act as a clearing house for the liest 
practice which has been evolved. Thoroughly grounded in the principles 
of machine design and experienced in its operation, they are capable of 
impartially and expertly analyzing sales appeals. It may be that the best 
solution will combine equipment from several competing concerns, and 
necessitate some original design to eliminate misfits, overlaps, or gaps in 
the layout. This phase of the task calls for real ingenuity and intelligence 
on the part of the engineers. 

Mass production of a unit may permit the design of integrated and 
specialized manufacturing facilities in their entirety. Considering the 
product as designed, equipment engineers proceed to design special 
machines, tools, and conveying equipment needed to produce the unit 
most expeditiously and economically. This is a complete reversal of the 
customary way of fitting production to the shop. It is feasible only when 
the complete cost of the installation can be charged to the product over 
a relatively short period. In the automotive field this practice has resulted 
in some notable economies and low cost production. 
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Departmental and Machine Arrangement.—Each machine must 
be provided with a working area and placed in proper relation to other 
machines. Items influencing space requirements for a machine would 
include its size, operating area necessary, and space needed for storage. 
Auxiliary equipment for effecting repairs, and questions of lighting, 
air conditioning, and convenience may also be considered. 

The relation of departments to one another, and the grouping of 
individual machines should be such that the flow of materials through 
the plant will be as nearly as possible in a straight line.“ This statement 
may be received as the repetition of a time-worn phrase and its import 
not realized. The majority of plants are not so arranged, even though 
this is an axiom in plant layout, and the observance of the principle is 
essential to economical, orderly manufacture. 

Visualizing the Layout.—Helpful in accomplishing this is the prac¬ 
tice of using small pieces of cardboard or templates cut to scale to 
represent machines. These can be placed upon a drawing or blueprint of 
the plant made to the same scale as the templates, and the actual con¬ 
ditions as they will be in the proposed form fairly well pictured. The use 
of small wooden models of machines made by a pattern maker serve even 
better in helping to visualize what actual working conditions will be like. 
Witli this equipment various arrangements can be experimented with, 
using colored strings or lines upon the drawing to show the path of 
different materials or parts, first to the various machines within a depart¬ 
ment, and second, throughout the plant. The relative volume of material, 
parts or goods of a kind can be indicated by using a varying number of 
the particular color of strings used to represent it, or by the width of line 
made upon the drawing. Proper location of stores and tool rooms may 
be readily ascertained in this same manner. 

Figure 68 shows the layout chart of a large automobile plant being 
worked over by layout men and production experts in preparation for 
the introduction of a new model and the installation of new equipment. 
When the final arrangement is decided upon by moving the templates to 
the desired positions, similar changes will be made on the master map 
of the plant which hangs on the wall in the office of the Production 
Manager. The Production Manager’s map shows the actual arrangement 
of the departments and machines as it exists, while the chart illustrated 
on the large table serves as a means of visualizing possible changes. 
Figure 69 shows a scale model constructed when the plans for a new 


^ The term “straight line,” as applied to production, is interpreted to mean movements 
'vhich do not involve back-tracking, or crossing of line of travel of the product. 
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(Courtesy Automobile Manufacturers’ Assn.) 


Figure 68. Studying Layout Problems in an Automobile Plant With the Help 

of Templates 

building were being considered by the Chicago Tribune. All machines, 
presses and paper handling equipment are shown in detail. The floors 
of such models are usually made removable so that careful study can l)e 
made of any section. 

Kinds of Manufacturing.—Four types of manufacturing plants may 
be noted. These are (1) job manufacturing, (2) semi-standard manu¬ 
facturing, (3) standard manufacturing, and (4) continuous process 
production. This classification is based on the variety of products manu¬ 
factured and the arrangements of equipment employed. 



















224 


INDUSTRIAL MANAGEMENT 


fCh. 14 

Less than one hundred years ago practically all manufacturing plants 
were able to produce a large variety of products, often made up entirely 
to customers’ specifications. Even the products made for sale had no 
standard design or specifications. This kind of manufacturing is known 
as jobbing, since almost any kind of work for which the plant is equipped 
will be undertaken. Many such plants exist today. Examples are: 
machine shops, custom tailors, certain printing plants, ship building yards, 
and many of the steel mills—^particularly those which are engaged in 
bridge building. 

When a company produces products of its own specifications in whole 
or in part but maintains a considerable variety in its line it is engaged in 
semi-standard manufacturing. It is the first step taken away from job 
manufacturing. Some examples of this class are: suit and dress manu¬ 
facturers, furniture plants, textile mills, elevator companies, and machine 
tool companies. Often the products are finished in the same way to a 
certain stage and then completed later to the special requirements. At 
times jobbing contracts are also taken. 

Standard manufacturing is producing entirely according to the com¬ 
pany’s specifications a major product with only minor model variations. 
Manufacturing becomes much easier and many economies can be 
obtained. Automobile companies, electric refrigerator manufacturers, 
radio and telephone companies are examples of firms of this class. 
Frequently a large company will manufacture several different lines but 
because of the quantity produced by each it can employ the machine 
arrangement and production techniques of standard manufacturing in 
each case. 

Continuous process production is the final step in manufacturing 
beyond which we cannot go. In this case a continuous flow is maintained 
from the raw materials to the finished product. The whole process is 
practically automatic and cannot be stopped at any point without spoilage 
of the product, or at least a great inconvenience to the plant. Oil 
refineries, continuous strip steel mills, cement mills, flour mills, rayon 
plants, and some of the large modern bakeries have developed continuous 
processes. Paper mills and a large group of chemical plants also employ 
this type of manufacturing. 

Integrated Manufacture. —Manufacturing progress has witnessed 
the evolution and perfection of the individual machine and the develop¬ 
ment of automatic machines. As a consequence of attention to machine 
development the cost of performing machine operations has been greatly 
decreased and manufacturing possibilities increased. Attention later 
turned to mechanical transportation and the integration of all productive 
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processes as holding further possibilities for reducing costs. This step has 
been largely employed in the automobile industry. 

J. H. Van Deventer, in describing Ford principles and practices, says: 


The process of integrated manufacture is that in which the raw materials, 
product parts and even the product itself, in successive stages of completion, 
flow through the plant in continuous, steady streams, mechanically impelled 
and correctly timed. 


It is the technique of mass production and may be utilized in some 
standard manufacturing and all continuous process production. Where 
the nature of the product, as in the automobile industry, does not allow 
complete continuous process production, integrated manufacture is as 
close to automatic operation as can be secured. 


Grouping of Machines. —^According to the type of manufacturing 
engaged in, the arrangement of machines will preferably be either accord¬ 
ing to the manufacturing process employed or according to the product 
produced. When the machines are grouped by kind or processes per¬ 
formed the same type of equipment is placed in one department. This is 
the functional or departmental plan, and is adapted to the production of 
a great variety of products. When one product is made in sufficiently 
large quantities much movement of materials may be saved and other 
operating economies realized by arranging the machines in line to 
produce this particular article. This is the so-called straight-line arrange¬ 
ment. In order to have straight-line production it is not necessary to 
have all the equipment arranged in a geometrical straight line; what is 
required is that the materials and parts move from process to process in 
as direct a manner as possible. The sub-assembly and final assembly 
lines in an automobile plant illustrate this. 

Some plants use a combination of these two types ot machine grouping, 
having straight-line arrangement in one or more departments to produce 
certain products while the rest of the plant has the machines grouped 
functionally. The system employed depends upon a consideration of the 
type of product, the quantity manufactured and other questions. Some 
of these are discussed in the following pages. 

Mass Production. —Mass production suggests straight-line produc¬ 
tion, or completion of a unit in one department or area. It is sometimes 
termed unit manufacture. Parts in process usually move forward from 
one operation to the next a unit at a time and in a continuous stream, 
but not necessarily so. As an example, a manufacturing layout comprising 
several lines of production may contribute completed units to minor 
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assembly points, and to the final assembly line. For straight-line produc¬ 
tion necessary machines are arranged along a natural path of travel of 
materials or parts, so that each operation is performed in its natural 
sequence as the parts move forward. Thus, machines of a kind such as 
drill presses may be placed at more than one point in lines, and in the 
number required at each point to keep production moving and avoid 
congestion. A line would ordinarily work on one product, or one kind 
of product only. A production area can be established to handle all of a 
given class of work, such as crankshafts, gears, heavy castings, light 
castings, and the like, with several lines in each. With this plan any 
special or costly machines needed for the particular class of work, but 
not used continuously in any one line, are made accessible. 

Mass production of small products composed of numerous machine 
made parts is possible with a modification of the above arrangement. 
For example, a production area may be encircled or otherwise served by 
a belt conveyor or powered roller conveyor having spurs branching out at 
functional work stations. The conveyor is used to carry pans of piece 
parts from the raw materials station, and from machine to machine, 
during their fabrication and finishing, and after completion to their 
respective assembly benches. Work can be put on at any spur and keyed 
so as to be deflected from the conveyor automatically when wanted at 
the spur adjacent to the work station where the next operation will be 
performed, though this is at the opposite end of the area. The spurs 
serving the machines are double-decked, the lower deck being for incom¬ 
ing and the upper for outgoing work. The conveyor serves as a moving 
storage area as well as a system of transportation. With this arrange¬ 
ment a functional grouping of machines and operations is permitted; 
that is, drill presses are grouped together, as are punch i)resses, auto¬ 
matic screw machines, and the like, with no disadvantage as to time or 
distance in getting parts from one operation to another. Thus there is no 
disadvantage in producing a variety of parts, each with its individuality 
as to operations required and their sequence. Straight-line or unit pro¬ 
duction layouts have advantages as follows: 

1. For work which requires special equipment. 

2. When outputs are large enough to keep line busy. 

3. Ease of schedule and production control. 

4. Elimination of interdepartmental difficulties. 

5. Reduces the handling and moving of materials. 

6. Less volume of work in process. 

7. Saving of time in process. 

8. Requires less floor space. 
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9 . Less counting, inspection and clerical work. 

10. Less damage in handling. 

11. Centralized supervision and responsibility. 

12. Better understanding and interest of workers. 

13. For very heavy or bulky products. 

In a particular case the following benefits were realized from a unit 
production layout: 


Saving in 


Items Per Cent 

Raw material and process stock investment. 50 

Piecj^ part investment . 70 

Floor space . 20 

Manufacturing interval ... 87 

Production control forms and paper work. 90 


In addition, gains were effected in investment in equipment, in counting 
and inspection operations, and in spoilage costs. 

Col. George D. Babcock, formerly production executive of the Cater¬ 
pillar Manufacturing Co., has the following to say relative to a produc¬ 
tion layout arranged for straight-line manufacture: 

A close approach can be made to the ideal if the material enters at one 
end of a shop, moves in a straight line for the first operation, and thence 
straight through the various machines to the final operation. . . . There 
must be no retrograde movement for any machine operation. 

Certain rows, for instance, contain first some radial drills, next some 
horizontal machines, then some radial drills, next some horizontal boring 
machines, followed by another group of radial drills and then by some more 
boring machines. These same types of tools appear in different sequences in 
other parts of the shop. This arrangement was dictated by the sequence of 
operations, on the parts that arc machined in these bays. It is too frequently 
assumed in most shops that moving machinery is too formidable a job to be 
attempted, and the work is routed to fit the shop, rather than the shop 
adapted to fit the work. That this is a fallacy will be realized when it is 
considered that for a standard line of product, the machine movement occurs 
but once, tyhile the unnecessary movement of material is a constant and 
CO itinuous ipxpcn^se. The loss due to this unnecessary movement will usually 
"je far greater thaVi the cost of rearranging the machinery. 

It is of course,\ not always possible to realize the ideal of straight line 
movement of mateVial. Only where the product is in such volume that all 
inen and machines iVi a production line can be kept busy, will the expense of 
the equipment necessary be justified. Hence, while as large a proportion of 
the work as possible was routed through groups of machines, a considerable 
portion of the equipm^ent was departmentalized, and part of the work was 
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routed to departments. This involved some retrogression, but a constant 
effort was made to bring this to a minimum. 

Job Production. —For job production or manufacture of a variety 
of products in relatively small quantities, a functional arrangement of 
machines or departments will be best. Many firms make 10,000 differ¬ 
ent piece parts in widely varying quantities; others as many as 100,000 
or more piece parts, some of which may be produced in small volume, but 
others by the millions. These are combined into a considerably lesser 
number of sales products. Those products sold in sufficient volume will 
justify mass production arrangements, but the others will more logically 
be ])roduced with a functional set-up of machinery. The advantages of 
departmental grouping of machines by kind are in general as follows: 

1. A high degree of flexibility as regards parts worked upon. 

2. Maximum machine activity and usefulness. 

3. Minimum duplication of equipment. 

4. Higher degrees of proficiency achieved by operators as a result of 

group specialization. 

5. More skilled supervision. 

6. Minimizes problem of training labor. 

7. Promotes development in each line of manufacturing activity. 

8. Generally a greater precision of work possible. 

Obvious disadvantages are increased handling, inspection, counting, 
production control, and the task of coordinating department efforts. 

Shortening Production Time. —Increased use of power trucks and 
conveying equipment has minimized the time element in moving goods, 
even when considerable distance has to be covered. 

In studying the flow of production it is well to know the total time 
which elapses between starting material in work and completing \t, to 
know the total of actual time it is being worked upon as compared with 
the total time which elapses between operations. In some lines of manu¬ 
facturing the time spent in actually doing work on mateiial i^ but 15% 
of the total time required to complete the product, while coat pf 
handling between operations is from 5% to 80% of the ^roductk>n labOi:, 
cost. 

By means of well-balanced production equipment, sijnfde touting, and 
minimum economical handling of material in work vtertaiil advantages 
accrue. It is possible to shorten the production per iod with the result 
of a smaller investment in materials, a shorter period, between the buying 
of raw material and its sale as finished product, 1 ess indirect e^cpcnse, 
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decreased supervision and tracing of orders, a greater plant capacity, 
increased service to customers, and other less obvious advantages. 
Remarkable cost reductions are being effected by reducing over-all manu¬ 
facturing time from days to hours. 

An Auto Truck Plant Layout.—Figure 70 shows areas and arrange¬ 
ment of departments as determined by a production analysis of the 
manufacture of auto trucks. Space and manufacturing requirements 
were carefully worked out from a study of operations and the future 
anticipated. The blank spaces indicate areas reserved for a logical 
expansion of department areas as increased production is called for in 
the future. With such a procedure there is little chance for abnormal, 
uneconomical growth. 



Continuous Process Production.—In flour mills, cement mills, 
starch factories, smelters and paper mills raw material enters the 
machinery at one end and emerges at the opposite end as finished product 
or products. If the process results in more than one finished product 
from one raw material it is termed analytical. If several raw materials 
enter into the forming of one finished product, it is termed synthetical. 

In either of these forms of production the machinery operates as a 
unit, and the material is automatically carried from one process to 
another to completion. The proper selection and design of such equip¬ 
ment solves all problems of routing, transportation, departmentalization, 
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Figure 71. Diagram Showing Steps in Reduction of Copper Ore 
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and greatly simplifies the administration. A minimum amount of labor is 
required and that chiefly for emergencies, for quality inspection, and to 
maintain the equipment. Figure 71 shows the sequence of processes, 
characteristic of this kind of production, in an ore reduction works where 
gravity plays a large part in material handling. 

The manufacture of starch and allied products from corn provides 
an example of analytical manufacture. Shelled corn is received in cars 
and is carried by mechanical equipment into the elevators for storage. 
As needed it is conveyed into hoppers which feed the production proc¬ 
esses. Once started into the machinery it passes automatically through 
successive processes or treatments. The corn kernel is separated and 
divided, and each part proceeds on a predetermined route until finally 
at the various ends of the system there emerge finished products in the 
form of feed, oil, glucose, syrup, and various kinds of starch. 

The selection of the equipment for such an industry is not subject to 
much variation, yet similar plants do utilize in part different processes 
and consequently different equipment. This is due to improvements 
effected from time to time, and to discovery by chemists of more simple 
and effective processses. Buildings simply envelop the processes and 
provide structural support for equipment. Multi-story structures are 
invariably utilized in order to facilitate gravity handling of material in 
process. 

The manufacture of flour is typical of continuous process production 
by mechanical methods. Wheat is converted into flour, bran, and feed. 
The equipment and layout for accomplishing this is well standardized, the 
output is uniform as to quality, and little managerial supervision is 
required. 

Special Arrangements for Particular Types of Plants. —Individ¬ 
uality in arrangements to fit production requirements is a characteristic 
of structures in the metal trades industry. In gray iron foundries 100 tons 
of handling is involved for each ton of product. The building of machin¬ 
ery requires oj^erations on heavy parts, often bulky.' These considerations 
suggest straight-line layouts and the need for built-in operating equip¬ 
ment, such as overhead cranes. Figure 72 illustrates a good layout for 
a large foundry. Note the straight-line movement of materials; from cars 
to bins or into storage, thence through melting, pouring, and cleaning 
operations to the shipping platform. Mechanical handling equipment is a 
feature of this scheme, and implies a thorough understanding of operation 
needs as, an essential to layout, design, and installation. This type of 
structure cannot be expanded advantageously by enlarging floor areas, 
because of the combination of equipment and structural features and the 
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operating problems involved. Additional capacity is secured by the build¬ 
ing of new units, the need for which should be anticipated when the 
plant is first planned. In this case an ultimate capacity of three times the 
present capacity has been provided for, assuring development along 
normal lines. 

Manufacturers whose lines include several hundred items, involving 
the completion of as many thousand parts, are combining the departmental 
plan of machine arrangement with the production line arrangement. 
When an item is produced in sufficient volume the production line 
arrangement may be used. Sometimes the equipment can be arranged to 
turn out several parts with a minimum of idle machine time. Those parts 
l^roduced in smaller volume are routed to departments as formerly. In 
furniture manufacturing the sequence of operations is likely to be the 
same for many styles and sizes of products; for example, the same 
machine may be used in a sanding or surfacing operation for many 
different parts. In these cases layout is greatly simplified. The building 
of freight cars is accomplished by a continuous forward movement of the 
cars on their own trucks along a track through successive work stations 
where the separately manufactured parts are assembled. The assembly 
lines of automobile plants give another illustration of this idea of 
progressive manufacture. 

Where gravity may be used in handling material a vertical plan of 
layout is suggested, for example, in such establishments as bottling plants, 
medicine factories, chemical plants, starch factories, breakfast food plants, 
or flour mills. In these plants the product is stored on the ground floor 
areas and conveyed to top floors as needed, thus eliminating the need for 
heavy floor constructions above. Light-weight goods, such as candies 
and small parts, lend themselves to multi-floor layouts, with manufac¬ 
ture progressing in a downward direction. In the case of heavy materials 
which are reduced in weight and bulk as succeeding operations are per¬ 
formed, the first operations may be located on the ground floor and the 
finishing operations above. 

The modern newspaper plant presents a layout problem essentially 
the same as in the mechanical trades, although the product is radically 
different. The time element here is of supreme importance, accomplish¬ 
ment being gauged in seconds. Reliability and certainty of function must 
likewise be assured. To this end working arrangements must be simple 
and direct, so as to eliminate distance, delay, and confusion; there must 
l)e perfect coordination of all departments; and machinery, equipment, or 
materials must never fail. Figure 73 shows the layout of the composing 
room floor of the Milwaukee Journal, 
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Current news and editorial material are delivered to the news alley 
by dumbwaiter from the editorial desk on the floor below. With this 
exception all material is handled through the planning department, known 
here as the dispatch office, which issues copy and ads to the respective 
composing room departments with complete instructions for handling. 
This separates planning from performance and insures greater speed in 
doing work. The art, photo, and engraving departments are in the 
proper relation to each other and subject to the direction of the same 
production executive. The arrangement of the composing room is such 
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that work flows smoothly and directly from linotypes to composing tables 
and directly toward the steam tables where papier macfie matrices are 
made; thence by dumbwaiter to the stereotyping machines in the press 
room several floors below. Supplementary equipment for the various 
processes is arranged conveniently. All work is made up or handled on 
wheeled tables or trucks. For perfect freedom of movement and ideal 
grouping of equipment the entire space is kept free from obstructing 
columns. (See Figure 74.) In order to stimulate and maintain the 
highest standard of mental activity the most advanced ideas with regard 
to all factors affecting physical comfort were incorporated into the 
arrangements. These include lighting, air conditioning, elimination of 
noise, easy handling of work, comfortable floors, and general complete¬ 
ness of equipment. 





'mWssA r-a, n ti 



Figure 74. View of the Composing Room, Milivaukee Journal 

The importance of making layout analyses cannot be overemphasized. 
Production costs have been reduced as much as 45^ by providing proper 
layouts and equipment, and direct labor costs have been decreased by 
one-half following a rearrangement of machines and work areas. In a 
publishing plant the economical arrangement of presses could not be 
effected with the usual rectangular column spacing, so the columns were 
'‘staggered,” giving diamond shaped areas. By visualizing the situation 
beforehand, ideal production layouts may be housed with but few restric¬ 
tions from structural requirements. 
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Comfort of the Employees. —^The correct technical combination of 
materials, machinery, and operating areas is important from the point of 
view of a production analyst, but equally important is the impression 
made upon the human element which operates it. The location of offices 
away from noise, vibration, heat, and fumes is appreciated by the 
clerical force. Conveniently placed, sanitary wash rooms, drinking foun¬ 
tains, and lunch rooms add to the comfort of the employees. Careful 
study should be given to the proper amount of light, air conditioning, 
and heating in relation to the kind of work being done. Sufficient work 
space should be allowed so that a feeling of crowding does not occur. 
Human beings like to look upon themselves as individuals, and resent 
being forced into workplaces that make them only part of a group. 
Attractive surroundings, both in and outside the plant, are appreciated. 

All such matters have an effect on the morale and attitude of the 
working force. Labor difficulties are less bitter and sometimes obviated 
entirely when employees realize their comfort and convenience is as 
important to the company as the speed of production. Consideration of 
the human element should be included in tlie layout plans, and if neces¬ 
sary modifications made in building designs or equipment arrangements 
in order to achieve better working conditions. 



CHAPTER 15 


INDUSTRIAL LIGHTING 

Defective Vision. —Seeing is a common place activity; so much so 
that its importance and effectiveness are neglected. The eyes have 
evolved under outdoor conditions with natural light. Seeing in the past 
has been largely a matter of general vision, with close visual work only 
an occasional need. Today, for many people, there is need to use the eyes 
for many hours each day at tasks wdiich are unusually exacting, and 
under conditions which require artificial light. Poor lighting has been 
the rule in homes, schools, and workplaces and partly accounts for the 
fact that 50% or more of industrial employees have defective vision. Yet 
it is recognized that the worker learns mostly by seeing, and uses his 
eyes to direct muscular activity; utilizing a considerable amount of both 
nervous and physical energy. Furthermore, persons over 35 years of 
age exi)erience a decreasing ability to focus the eyes readily to view 
small objects. This causes eye fatigue. Normally, persons need glasses 
for close work by the time they reach the age of forty. For these reasons 
many manufacturers have their workers^ eyes examined as a necessary 
^prerequisite to effective and safe production. 

A survey made in the plant of a company in the metal trades industry 
showed that 38% of their employees were suffering from defective vision 
of some kind which impaired their efficiency. The employees of this com¬ 
pany had not been given an eye examination when hired. The impor¬ 
tance of such examinations and of re-examinations at intervals is apparent. 

The Benefits of Good Lighting. —While the necessity of good 
lighting is so evident that a list of its benefits may seem commonplace, 
these same benefits are of the greatest importance in their contribution 
to effective, low-cost production and industrial relations management. 
The advantages resulting from improved lighting are as follows: ^ 

Advantages to eyes— 

Reduces fatigue. 

Vision more acute. 

Greater seeing-power. 

* “Mercury Lighting Is Modern Lighting,” a booklet issued by the General Electric 
Vapor Lamp Company. 
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Advantages to production— 

Reduces spoilage. 

Improves quality. 

Increases production. 

Advantages to worker— 

Reduces accidents. 

Improves general comfort. 

Decreases nervous strain. 

Healthier working conditions. 

Advantages to management— 

Increases profit. 

Protects equipment. 

Improves shop appearance. 

Assures more uniform product. 

Keeps workers active and alert. 

Good lighting may be considered as a production tool wliich increases 
the speed and ease of vision, and thus facilitates the use of machines and 
equipment. With adequate and proper illumination i)erception is quicker, 
and there is less uncertainty, hesitation, and needless motion. Workmen 
have a sureness and certainty of action that enables them to accomplish 
more and better work and reduce spoilage. Perhaps 25% of spoilage 
would be eliminated by better lighting. 

Eyestrain with good lighting is definitely reduced, and this is impor¬ 
tant, for it is estimated that of the total nervous energy expended by tlie 
worker at his task, the eyes utilize 10% to 15% or more. Uncertainty in 
seeing contributes to accidents, and mental sluggishness incident to 
fatigue may be another contributing cause. Accident statistics indicate 
that many more accidents occur during seasons of the year when there is 
less daylight, and during hours of the day when daylight is deficient or 
lacking. Industrial accident records show more accidents ])er worker for 
night shifts than day shifts. A worker’s ability to see clearly reduces 
accidents incurred in handling tools and materials, and in falls, causes of 
most accidents. 

A dark workplace is depressing and quantity plus quality production 
is not associated with a gloomy environment. It usually means a dirty 
place, for wherever there is an absence of light, dirt tends to accumulate. 
Neatness is absent and the inevitable accumulation of tools, materials, and 
spoiled parts leads to insanitary and unsafe conditions. Such conditions 
affect employment, for workers prefer the cheerful, well-kept plant. 
The psychological effect of a cheerful, uniformly lighted ])lant indtices 
employees to work with enthusiasm in a happy frame of mind. 
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Good lighting eliminates unproductive floor areas and thus contributes 
to more effective use of factory space. Supervision is less a problem 
when there are no dark corners where restless or indolent workers may ' 
loiter unobserved. 

At least eight states have adopted industrial lighting codes establishing 
safety standards for industry, but the requirements are not sufficient to 
assure economical production. The American Standard code of lighting 
prepared by the Illuminating Engineering Society, New York City, 
prescribes tlie best current practice. lighting equipment companies also 
provide tables of recommended lighting intensities for industrial interiors 
and operations. 

Health and Accidents. —There are definite eye diseases resulting 
from extremely poor illumination, intense heat with light, and from 
exposure to energy rays outside the range of vision. These are peculiar 
to particular industries, as mining, the steel and glass industries, and the 
motion picture industry. While serious, these diseases are confined 
within comparatively narrow limits, are recognized, and safety precau¬ 
tions are usually taken to guard against them. Gases given off by proc¬ 
esses may j)rove detrimental, yet difficult to identify as a cause of inflam¬ 
matory eye conditions. For several years silk manufacturers were 
puzzled by a problem of this kind. However, it is the generally unrecog¬ 
nized inadequate and improper illumination throughout industry which 
has taken the greatest toll in impairment of vision and health of industrial 
workers. 

Safety glasses or goggles should be provided for all workers perform¬ 
ing tasks where eye accidents are a hazard. These include many metal 
cutting operations, chipping, buffing, and cleaning operations, handling 
of wire, pouring of metal in foundries, and tasks involving lieat and 
explosion hazards. If the worker ordinarily wears glasses it may be 
necessary to provide safety glasses with specially ground lenses to insure 
good vision. With women workers the comfort and appearance of this 
safety equipment needs to be considered, as these factors influence its use. 

Definitions.—The definitions of some common lighting terms are 
as follows: 

Candle power —The average horizontal intensity of the light from 
a standard candle is taken as the unit of luminous intensity, and 
is called a “candlepower.** A standard candle is one made in a 
specified manner and burned under prescribed conditions.- 


® “Artificial Lisrht and Its Application,” p, 40, Westinghouse Lamp Company. 
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Foot-candle —A foot-candle represents the intensity of illumination 
at a point on a surface which is one foot distant from and per¬ 
pendicular to the rays of a one candlepower light source. 

Lumen —The lumen is the unit of light quantity. It is the quantity 
of light spread over one square foot of area which will illuminate 
that area to an intensity of one foot-candle. 

Good Lighting. —Good lighting requires three things: 

1 . Light of suitable quality— 

(a) Absence of glare. 

(b) Absence of reflected glare. 

(c) Proper color. 

2 . I.iglit of the proper direction— 

(a) Shadows soft and luminous. 

(b) Uniform distribution. 

3. Light of the correct intensity— 

(a) Lighting for safety. 

(b) Lighting for production. 

(c) Proper maintenance. 

Light of Suitable Quality. —The rapid progress made in scientific 
illumination has been so unusual that the inexpert are likely to use botli 
equipment and illuminant wrongly and produce bad results. Glare rep¬ 
resents one. of the most common and serious faults in a lighting installa¬ 
tion. It may l)c defined as any excessive brightness within the field of 
vision. It (1) causes discomfort and fatigue; (2) interferes with closer 
vision, reducing efficiency and increasing the risk of accident; and 
(3) tends to injure the eye and cause a disturbance of the nervous 
system. The principal causes of glare are: (1) excessive briglitness of 
the light source; (2) too great a volume of light; (3) excessive contrast 
with background; (4) specular reflection from the object on wliich the 
eye is focused ; and (5) time of exposure. The eye contracts in about one 
second to protect itself from glare, but almost a full minute is needed for 
readjustment to normal seeing. 

The human eye is capable of adapting itself to illumination intensities 
varying from less than a foot-candle (few hundredths) to a maximum 
outdoor daylight of 10,000 foot-candles; but as we approach the lower 
end of this range poor vision results from lack of sufficient light to dis- 


3 From a pamphlet entitled, “What an Industrial Lighting Salesman Should Know,” 
National Lamp Works of the General Electric Company. 
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tinguish details, and in the other case because of the blinding effect of 
high intensities which obliterates details. With the entire field of view of 
the same brightness the eye will function without strain for general seeing 
over a range of 4 to 4,000 foot-candles. Contrast values for full vision 
should not exceed 1 to 10, and preferably 1 to 5, foot-candles. Outdoor 
ratios are commonly not over 1 to 25. The most common and trouble¬ 
some cases of glare are those which are due to unshaded or inadequately 
shaded lamps or improperly placed lighting units within the field of view. 
Sky brightness rarely exceeds 3 candles per square inch and ordinarily 
the brightness of a lighting unit in the field of vision should not be greater 
than 2 to 5 candles per square inch of apparent area, and the brightness 
should be reduced to one-half candle per square inch of apparent area 
when the unit is constantly in view. 

The American Standard code says: 

Too frequently glare is assumed to be entirely a question of the bright¬ 
ness of the light source; of equal importance is the question of its total 
candle power. Experience has shown that a 500-watt lamp in a 10-inch opal 
globe, or a mercury-vapor lamp of an equivalent light output, hung 7 to 8 
feet above the floor and a similar distance ahead of the observer will prove 
quite as glaring as the exposed filament of a 50-watt incandescent lamp in 
the same location. The brightness of the opal globe unit is only a few times 
that of a candle flame, but its total candle power and consequently the quan¬ 
tity of light which reaches the eye is altogether too great, so that its effect 
is worse than that of the bare filament of lower candle power, although the 
latter may have a brightness as high as 3,000 candle power per square inch. 
An unshaded window often causes glare, due of course to the large volume 
of light rather than to the high brightness of the sky. 

The 500-watt opal globe would seldom cause discomfort if placed, say, 
80 feet away from the observer, for at this distance the total quantity of 
light entering the eye would be only one one-hundredth of that received at 
8 feet. Again, the same light source would probably be found quite unobjec¬ 
tionable at a distance of 8 feet from the eye provided this distance was 
obtained by locating the lamp 4 feet ahead of the observer and 7 feet above 
the eye level; in this case the lamp would scarcely be within the ordinary 
field of view.'^ 

. . . Cilare is the more objectionable the more nearly the light source 
approaches the direct line of sight. While at work the eye is usually directed 
either horizontally or at an angle below the horizontal. Cdaring objects at or 
below the horizontal should especially be prohibited. The best way to remove 
light sources out of the direct line of vision is to locate them well up toward 


^ Little interference with vision is experienced when the light source is 20 to 30 
degrees away from the normal line of sight. “Lighting Comment,” Bulletin 36, p. 9, 
National Lamp Works of the General Electric Company. 
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the ceiling. Local lamps, that is, lamps placed close to the work, if used at 
all, must be particularly well screened.® 

Wall and Ceiling Finishes. —In order to avoid too great contrasts, 
the background should be well illuminated. Stippled or mat finishes on 
walls and ceilings eliminate the glare attending smooth finishes. The 
ceiling and upper wall surfaces may be finished in light colors in order to 
reflect most of the light which strikes them, but the lower portions 
coming within the normal range of vision should reflect less than 50%, 
if they are not to produce discomfort. Ceilings of “mill-white'' or cream 
color, and upper walls of buff, light green, or gray, reflect about the 
proper proportions, while the lower parts may be of darker colors. (See 
Table 5.) 

Color Correction of Artificial Light. —Standard Mazda lamps pro¬ 
vide a light which serves ordinary requirements of vision satisfactorily. 

Table 5. Reflecting Values of Different Colored Surfaces 


White—new . 

. 82 to 89% 

Aluminum . 

. (6% 

White—old . 

. 75 to 85% 

Buff . 


Cream . 

. 62 to 80% 

Gray . 

. 17 to 63% 

Ivory . 

.73 to 78% 

Light blue . 

. 34 to 61% 

Yellow . 

. 69 to 75% 

Dark tan . 

. 30 to 46% 

Light green . 

. 48 to 75% 

Dark red . 

Dark green . 

. 13 to 30% 

. 11 to 25% 


All the colors of daylight are present, but not in the same proportion. 
“For some operations work can be done more quickly or materials and 
products identified more accurately if the artificial light supplied is made 
more closely to approach pure white light." ® In the incandescent lamp, 
while light is given off at all wave lengths more light is radiated at the 
red wave lengths than the blue. By equalizing the light output of the 
different wave lengths, a pure white light is obtained. The degree of color 
correction achieved depends upon the degree to which the red waves are 
absorbed and equalized with the blue waves. Daylight Mazda lamps 
provide a partial color correction and give a light which approximates in 
quality that of afternoon sunlight. “In all color work high intensity 
illumination is of particular importance. In fact it has been found that 
even uncorrected light of high intensity, 100 to 200 foot candles, from 
Mazda lamps will give satisfactory color identification." Colored light 

® Code of Lighting, Illuminating Engineering Society, New York City. 

® Catalog 26, p. 26, Benjamin Electric Manufacturing Company, Des Plaines, Illinois. 

^ Ibid. 
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is obtainable by the use of gas filled tubes, or by filtering light through 
various substances as glass, gelatin, and pigments. 

Mercury Vapor Lighting. —Mercury vapor light is composed of but 
four colors; yellow, green, blue, and violet, of which the yellow and 
green constitute 90% of the effective light, and the blue and violet but 
10%. Red light waves, which add little to visual value, cause glare and 
prove irritating to the eye, are not present. An unnatural bluish cast is 
given to objects, and most colors appear distorted. The preponderance 
of yellow-green rays enables the eyes to focus quickly and secure a sharp 
image which is not blurred by the presence of light rays of other colors. 
Its particular advantages are the greater clearness of vision which it 
gives in the discernment of fine detail, the lessened fatigue and eyestrain, 
freedom from glare, absence of dark shadows, and coolness of the light. 
Where quick and accurate perception of fine details is necessary, as in 
the inspection of manufactured products for minute structural or me¬ 
chanical defects, mercury vapor light has in some instances been found 
preferable to any other kind of light. The large area of the radiant and 
corresponding low intensity per square inch eliminates glare, and the 
length of the light tubes (about 50 inches) enables the light to “flow 
around obstacles” in a way that does away with dark shadows. It has 
been used in the Bureau of Engraving at Washington for over 30 years, 
and quite widely in many industries, as newspaper plants, textile mills, 
machine shops, foundries, tire and automobile body plants, etc. 

The original design consists of a glass tube one inch in diameter and 
50 inches long. One end of this lube, enlarged into a bulb for holding 
metallic mercury, and a small cup at the other end serve as electrodes or 
carriers for the current, which is supplied to them through lead-in wires 
sealed in the glass. The tube contains no air or other gas, so that when 
an electric current is caused to pass from one electrode to the other it 
vaporizes a small quantity of the mercury which fills the tube. Later 250 
and 400-watt lamps with screw bases were developed to be used in 
the conventional types of industrial lighting fixtures. 

The unnatural color appearance which mercury vapor light gives to 
objects Jias lieen an objection to this’kind of light, but the introduction 
of lighting units wdiich combine the blue and green of the mercury vapor 
with the red and yellow of the incandescent lamp has in part overcome 
this objection. Color correction is achieved by adding light rather than 
by subtracting it. A combination, enclosed unit, 5 feet in length, provides 
a large area light source. (See Figure 77, page 249.) The addition of 
incandescent light permits recognition of colors, and the combination of 
light from the two sources contributes to effective vision. 
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Fluorescent Lighting. —The introduction of fluorescent lamps has 
opened up new possibilities for effectiveness in connection with color 
matching, inspection, and other work where intensities of from 25 to 100 
foot-candles or more of light are wanted. In fluorescent lamps certain 
fluorescent materials inside the lamp tube are excited and glow under 
the ultra-violet energy produced by a discharge through mercury vapor. 
The efficiency of these lamps is indicated by the following comparisons. 

Over-all modern lamp efficiencies: ® 

Incandescent . 

250-watt, H-2 mercury .. 

Daylight fluorescent . 

400-watt, H-1 mercury .. 

Cooper Hewitt fluorescent 

Light of various other colors can be produced easily and at effi¬ 
ciencies up to 200 times that of other sources. The low surface brightness 
of the lamps (about 3 candles per square inch) and the small amount of 
radiant heat permit location of the lighting units low over the working 
place and close to workers. They may be connected to ordinary wiring. 
The lamps are of the tube type, and are obtainable in different sizes 
and lengths. Fixtures vary in design to fit the need. (See Figure 78, 
page 250.) 

Proper Direction. —Light direction and management of shadows 
constitute an important phase of industrial lighting. Shadows are as 
desirable in most cases as the proper degree of light, but they must be of 
the proper density and rightly placed, i.e., natural. They are an aid to 
visual perception of objects with three dimensions, except when they 
become so sharp or so dark as to make it difficult to distinguish between 
shadows and objects, and to perceive detail. Without them objects would 
appear flat. 

Natural light from windows in industrial workplaces often gives 
greater light on vertical working planes than horizontal. Artificial 
illumination, on the other hand, has usually been designed with first 
thought for horizontal working planes and with the assumption that 
enough illumination would thereby be provided on oblique and vertical 
planes. This has been the cause of much deficient illumination. In 
machine shops, assembly departments, textile mills, and for innumerable 
other industrial processes, the illumination of other than horizontal planes 
is most important. Units should be chosen which give relatively good 
illumination in the 50-70 degree zone as well as more directly downward. 

® From data supplied by the General Electric Vapor Lamp Company. 


15 to 20 lumens per watt 

25 “ “ “ 

29.6 “ “ “ 

25 “ “ “ 

50 “ “ 
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The RLM standard dome porcelain-enameled metal reflector provides 
50% as much illumination on the vertical plane as on the horizontal; 
hence, if more is desired the lamp power will need to be increased pro-* 
portionately.® 

Another factor in effective lighting is the redirection of the light rays 
by reflection from ceiling, walls, stored materials, and equipment, and 
the size and proportion of room areas. Reflected light helps to eliminate 
dark shadows and produces a more uniform illumination. The practice 
of painting machinery a standard gray or sand color rather than black, 
which absorbs almost all the light it receives, aids in this. Shadows are 
needed, but they must be controlled and made as natural as possible. 

Proper Intensity.—In choosing the correct intensity of illumination 
for a given process, much depends upon the individual conditions pre¬ 
vailing, and hence in tables general figures only can he provided. The 
character of the task, color of materials, the effect of light on product, 
the presence of gases, or vapors created, the surroundings, all play a 
part. Almost always more light can be used economically and profitably 
tlian is commonly supplied. 

For good lighting the following six general levels of illumination are 
suggested: 

2 to 5 foot-candles—Aisles, stairways, and passageways. 

5 foot-candles—Satisfactory for work of a coarse nature, such as 
coal and ash handling, for warehouses and stockrooms, and 
where it is not necessary to distinguisli details. 

10 to 20 foot-candles—Considered good lighting for rough bench 
and machine work and for medium work on light-colored sur¬ 
faces. 

20 to 50 foot-candles—Good lighting for medium bench and ma¬ 
chine work, and for average work on dark-colored surfaces. 

50 to 100 foot-candles—Excellent lighting for all w^ork except the 
most exacting. For fine bench and machine work and most 
inspection operations. 

• 100 foot-candles and more—For the most exacting tasks such as 
extra fine assembling, bench and machine work, engraving, 
testing and inspection. 1,600 foot-candles are used on some 
inspection operations. 
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Installations to provide general lighting with intensities of 50 to 80 
foot-candles are now in use, examples being provided in printing and 
publishing plants, automobile factories, and radio assembly work. Where 
the need for the high intensities is localized, general lighting may be 
provided of from 20 to 50 foot-candles, supplemented by higher intensi¬ 
ties for the work station where it is needed. 

It is recognized that a great deal of manufacturing is carried on in 
areas where the general lighting ranges from 1 to 5 foot-candles, and 
local lighting at the point of work, when supplied, from 8 to 15 foot- 
candles. In the light of recent experience this is poor economy. 

Figure 75 shows the relationship between intensity of illumination 
and reaction time as determined by laboratory tests. The effect of good 



Figure 75. Intensity of Illumination Affects Reaction Time 

vision and adequate illumination upon the time for doing work calling for 
the discernment of detail is apparent. 

Recommended Intensities of Illumination.—Recommended inten¬ 
sities of illumination for some particular tasks are provided in Table 6.’” 

0 

Examples of Good Lighting.—Figure 76 shows a high intensity 
combination mercury vapor and incandescent lamp installation in an 
assembly department of a radio plant. An average of 80 foot-candles of 
light is supplied at the working level. 

^^For complete table see Catalog No. 50, Series B, Wheeler Reflector Company, 
Boston, Massachusetts. 
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Table 6. Table of Recommended Foot-Candle Values for Illumination 
OF Industrial Interiors 


Assembling: 

Rough . 10 

Medium . 20 

Fine . 50-100 

Extra Fine . 100 plus 

Automobile Manufacturing: 

Automatic screw machines.. 10- 20 

Assembly line. 50-100 

Frame assembly. 20 

Tool making . 20- 30 

Body manufacturing: 

Assembly . 20 

Finishing and inspect. .. 100 plus 

Bakeries . 20 

Book Binding: 

Folding, assembling, pasting, 

etc. 10 

Cutting, Punching, and 

stitching . 20 

Embossing . 20 

Candy making . 20 

Cloth Products: 

Cutting, inspecting, sewing 

Light goods . 20 

Dark goods . 50-100 

Fngraving . 100 plus 

Foundries: 

General . 5-10 

Fine 

Molding and core making 20 


Machine Shops: 

Rough bench and machine 

work . 10 

Medium bench and machine 

work . 20 

Fine bench and machine 

work . 50-100 

Extra fine bench and ma¬ 
chine work . 100 plus 

Offices: 

Close work . 20-30 

No close work. 10-20 

Drafting room . 30-50 

Packing: 

Crating and boxing. 10 

Paper Box Manufacturing: 

Light. 10 

Dark . 20 

Storage of stock . 5 

Soap Manufacturing. 10 

Woodworking: 

Rough sawing and bench 

work . 10 

Medium machine and bench 

work, etc. 20 

Fine bench and machine 
work, finishing, etc. 30 






































(Courtesy of Benjamin Electric Mfg. Co.) 

igure 76. High Intensity Lighting in Factory of Philco Radio & Television Corporation 
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Figure 77 shows tlie use of mercury vapor lights in combination with 
daylight in assembling the jewels and $peed cups for speedometers in the 
plant of the A. C. Spark Plug Company, Flint, Michigan. The engineer 1 
in charge said: ‘'We find that the mercury-vapor light gives us the best 
satisfaction on fine or highly polished materials, as it has a tendency to 
bring out the defects with less eyestrain to the operator, even more so 
than daylight. It is a practice on some of the operations that are very 
particular, to use the mercury vapor lamp at all times, as we find that 



(Courtesy of General Electric Vapor Lamp Co.) 


I'igure 77. Mercury Vapor Lighting in A. C. Spark Plug Plant 

the light from the windows, even on a clear day, changes in intensity, 
and coming from only one side casts shadows on the work and gives a 
little poorer inspection than we get with the artificial light. We are using 
light at al)out 30 foot-candles.” In some inspection departments day¬ 
light is entirely excluded in order to avoid the variation which results 
between bright days and dark, gloomy ones. Workers in some textile 
weaving dei)artments show a preference for artificial illumination to 
natural light. 

Improved Lighting Increases Production. —In the plant of the 
Timken Roller Bearing Company careful tests showed that production 
varied with the intensity and quality of illumination. The raising of the 
illumination from 5 to 20 foot-candles brought about an increase of 
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(Courtesy of Wheeler Reflector Co.) 

Figure 78. Fluorescent Daylight Lamps in the Drafting Room at the Vega 
Airplane Factory, Burbank, California 

12.5% in production. An initial gain in production of 4 % was achieved 
mainly by eliminating glare and troublesome shadows. 

Gains in production from improved lighting are a result not only of 
increasing the intensities of illumination, but of correcting other lighting 
deficiencies. Production gains of from 5 % to 25 % frequently accrue 
from lighting improvements. An investigation by The Austin Corn- 


pany, Engineer.s and Builders, Cleveland, Ohio, disclosed the 

Foot Candles 

following: 

Production 

Increase 

Class of Work 

Old 

New 

Per Cent 

Stamping and pressing. 

. 0.7 

13.0 

12.2 

Semi-automatic buffing. 

. 3.8 

11.0 

8.5 

Soft metal bearings. 

. 4.6 

12.7 

15.0 

Heavy steel machining. 

. 3.8 

11.0 

10.0 

Carburetor assembling . 

. 2.1 

12.5 

12.0 

Spinning (textile) . 

. 1.5 

9.0 

17.0 


Cleaning and Maintenance. —The service rendered by both natural 
and artificial lighting equipment deteriorates very rapidly unless properly 
maintained. In every factory there should be a regular and definite 
system of maintenance providing for the cleaning and repair of glass 
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areas, lamps, and reflectors, and replacement of burned-out lamps. Walls, 
ceilings, and other reflecting surfaces, including equipment, should be 
repainted regularly. Properly painted ceilings will increase the illumina¬ 
tion when indirect or semi-indirect systems of lighting are used. 

It is well to know that from 40% to 60% of the money paid for light 
may be wasted through lack of cleaning and upkeep; while all the benefits 
of good lighting are lost. The cost of cleaning lamps is about 5% of the 
total operating cost of a lighting system, and the increase in illumination 
is 25% to 50% more.^^ 
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Figure 79. Undesirable Natural and Artificial Lighting Conditions and Their 

Correction 

Instruction Booklet No. 30344, General Electric Vapor Lamp Company, Hoboken, 
New Jersey. 
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Ways of remedying some common lighting defects are suggested in 
Figure 

In designing lighting systems, full allowance must be made for depre¬ 
ciation of lamps, unavoidable dust and dirt on reflectors, walls, ceilings, 
and other reflecting surfaces, and care taken that current of the proper 
voltage for the lamps is supplied. At the Ferro Machine and Foundr}^ 
Company, where but little attempt had ever been made to keep the 
windows clean, a thorough scrubbing increased the illumination from 
3 foot-candles to 11 foot-candles, a gain of 266 %. Another workshop 
with a large glass area showed a gain in light intensity from 7 to 15 
foot-candles by cleaning the windows inside and out.^^ These examples 
are typical of conditions permitted to prevail through lack of appreciation 
and attention. 

Utilizing Natural Light. —Figure 80 indicates clearly the present 
appreciation of the value of good, natural lighting as contrasted with the 
past. With 80% to 90% of wall areas in glass, buildings 60 feet in width 
may be readily day lighted.With continuous windows in side-walls, 
possible wdth special reinforced concrete and steel construction, or by 
using prism glass, this width may be much increased. Clear glass areas 
which permit the worker to relax and rest the eyes occasionally by gazing 
outside are sometimes considered desirable. 

Ceiling designs are also a factor. Flat slab concrete construction pro¬ 
vides a flat ceiling which is ideal for light reflection. When beams and 
girders are used they should be placed, if practicable, at right angles 
to the windows so as not to obstruct the light. The elimination of over¬ 
head shafting and belt drives, forethought in the placing of machinery, 
care in the storage of materials, the use of ware partitions and proper 
painting of surfaces contribute to the best utilization of the available light. 
In aircraft plants a recent practice is to paint the floors white so as to 
reflect light to the underside of wing surfaces. 

Foundries, forge shops, and other branches of the metal trades indus¬ 
try find it necessary to utilize special roof construction as discussed in the 
chapter on building construction. These comprise M-shaped roof trusses, 
A-frames, skylights, sawtooths, and monitors. They are a big factor in 
obtaining light, such glass areas frequently being measured in thousands 

“How to Get Better Seeing/* by Samuel G. Hibben, Factory Management and 
Maintenance, Vol. 92, No. 3, p. 99. 

“Bringing Daylight into Your Present Building,” by W. T. Spivey, Factory, Vol. 
31, No. 3, pp. 312-315. 

For the be.st lighting the height to top of glass in windows should not be less than 
one-half the depth of the room (window.? on one side) and the glass area should be at 
least 30% and preferably more nearly 40% of the floor area. Pilasters or mullions 
should be limited to one-quarter the width of the glass area between them. 
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of square feet. Likewise, the side walls are often almost entirely of glass 
consisting of long runs of motor-controlled sash which can be opened for 
ventilation, as in Figure 91, page 279. The top floors of multi-story 
buildings may be better lighted by adopting some form of roof lighting 
to supplement side wall sash. 

Manufacturing buildings with glass block walls provide unusual day¬ 
lighting. As described in the chapter dealing with buildings, glass blocks 
are translucent, but not transparent, admitting up to about 85% of the 
light, depending upon the prism design. For hours when sufficient day¬ 
light is lacking, dependence must be placed on artificial lighting systems. 

Unsatisfactory natural lighting may be due to one or more of the 
following causes: (1) old and unsuitable buildings, (2) obstruction of 
light by exterior surroundings, (3) dirty glass areas, (4) failure to clean 
or paint walls and ceilings, (5) obstructions of light by equipment, mate¬ 
rials, or solid partitions, (6) failure to utilize roof areas to advantage, 
(7) obsolete ideas and design, etc. The substitution of individual motor 
drive for machines and the elimination of overhead shafts and belting has 
been a big factor for better daylight illumination. 



(Courtesy of Detroit Steel Products Co.) 
F'igure 80. The New and the Old in Factory Windows 


Cost of Lighting. —The money cost of supplying light per individual 
workman is likely to be overestimated. The difference in relative cost of 
labor and light in the factory is very great. Assuming that each work¬ 
man utilizes the light from one 300-watt unit for 1,000 hours each year, 
the following figures are approximately correct: 
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Investment: 

Cost of 300-watt mogul base lamp and 300-watt Turnlox type RLM 
Dome Reflector and wiring per outlet. $12.50 

Operating Expenses: 

Fixed interest, taxes, and insurance at 10%. $ 1.25 

Depreciation on reflector and wiring at 12^4%. 1.56 

Renewal of lamp, rated life 1,000 hours. .58 

Cleaning 12 times a year at $0.03 per cleaning. .36 

Energy at $0.15 per kw-hr., or 1,000 hours. 4.50 

Total annual operating cost. $ 8.25 


The operating cost per hour would be less than 1^. Where large 
overhead units provide illumination for, say, four men, adequate light 
may cost only per hour. An automobile industry estimate indicates 
that by saving 10% on lighting costs they might save 1^ per car, but if 
they apply 10% more toward good lighting, production would be 
increased—resulting in a saving of 25^ per car. 

Daylight may cost as much or more than electric light. Account must 
be taken of heat losses through glass areas, increased cost of windows 
and roof constructions, upkeep, interest and depreciation, and of the 
space occupied by light courts. 

Buildings Without Windows.— In recent years many buildings for 
manufacturing and office use have been built without windows. Such 
buildings depend entirely upon artificial light, which is supplied with 
modern fixtures and at high intensities. All areas of floor space including 
basements and inside rooms are equally advantageous, which adds to 
use value and permits greater flexibility in arranging workplaces. Em¬ 
ployee attitudes toward such arrangements seem to lie favorable, possibly 
because of the unusually effective and cheerful ligliting arrangements pro¬ 
vided, the circulation of conditioned air, fewer hours of work per day and 
week than formerly, and a generally favorable attitude toward modern 
innovations. 

Systems of Lighting.—Good lighting calls for illumination of the 
entire interior and avoidance of excessive contrasts in the field of view or 
with respect to work requirements, as previously suggested. With this 
idea in mind many fixtures are designed to transmit most of the light 
downward to the job, but direct some of the rays horizontally and 
upward, supplying light to walls and ceilings. See Figure 81B. Others, 
as Figure 81 A, C, and D, direct all the light toward the working areas. 
Fixtures are also designed to direct all the light upward, where it is 
reflected from ceilings and wall surfaces to the work areas and supply 
a totally indirect illumination. General or overhead lighting is acconi' 
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plished with a choice of one of these types of fixtures. If properly 
designed good vision is possible throughout the work area. Supple¬ 
mentary or “plus” lighting for jobs requiring more light than it is desired 
to supply generally may be provided by direct lighting units at the point 
of work. 



C D 


A—RLM standard dome reflector with bowl-enameled lamp (Courtesy of Edison Lamp Works) 
B—(ilasstcel diffuser with enclosed lamp (Courtesy of Edison Lamp Works) 

C—Angle reflector unit 
D—Bowl reflector unit 

Figure 81. Standard Types of Factory Lighting Units 

Direct lighting systems employ reflectors to improve the distribution 
of the light, diffuse the direct rays from the lamp, and increase the 
apparent size of the source. They are least affected by dust and dirt, are 
not dependent upon wall and ceiling reflecting surfaces, and are the most 
economical to install and operate, as little light is wasted, or lost by 
absorption. 

With direct lighting care must be taken to avoid glare, objectionable 
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shadows, and too great light contrasts. The RLM standard dome reflec¬ 
tors are used widely for direct lighting in factories, either with a bowl- 
enameled lamp or with an opal-glass diffusing globe enclosing the lamp to 
decrease the brightness and minimize glare, and a “glassteel’* diffuser to 
distribute some light to the walls and ceiling. (See Figure 81.) 

In indirect lighting the ceilings and walls are utilized for the redirec¬ 
tion and diffusion of all the light emitted by the units. With entire ceiling 



.J*: . I 

(Courtesy General Electric Vapor Lamp Co.) 

Figure 82. Use of Combination Units with Mercury Vapor and Incande.sceiit 
Lamps in the Plant of the Hershey Chocolate Company (A windowless plant) 

acting as a light source glare is reduced to a minimum and shadows are 
eliminated. As the reflection from the ceiling is mostly downward, illumi¬ 
nation on other than horizontal surfaces is dependent upon reflection 
from wall and other vertical surfaces, and may l)e difficult in large areas. 
Naturally the cost of operation is greater because of the light lost l^y 
absorption and the greater effect of dust accumulations on this type of 
fixture. Where vapors or fumes are present, or tlie color of materials 
worked upon absorbs light readily, or reflecting surfaces are lacking, the 

A product manufactured by various reflector and lamp manufacturers according 
|o a standard, rigid specification. 
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system will not prove practical. For tasks which require the perception 
of three dimensions shadows are needed, especially when the contrast 
between the object and its background is slight, as in type-setting. Direct 
lighting is best for work of this kind. However, for close and exacting 
work indirect lighting is easier on the eyes than any other form of 
lighting, and where it can be used its advantages will be appreciated. 
Perfect illumination is afforded by the indirect rays of the sun filtered 
through clouds, a natural, indirect light. 

Semi-indirect lighting offers a combination of the other systems with 
modification of their disadvantages. The amount of direct light may be 
controlled by varying the density of the glass reflectors. Oblique and 
vertical surfaces are better illuminated and the cost of operation is less 
than with indirect lighting; while from the glare and shadow^ standpoints 
the s\^stcm is an improvement over direct lighting. A good example of 
semi-direct lighting is shown in Figure 82. 

Local Lighting.—Supplementary or “plus'" local lighting is needed 
where the work to be done (1) requires unusual accuracy; (2) neces¬ 
sitates fine distinctions in color or qualities; (3) handling of minute 
parts; (4) wliere insufficient light results at the point of work from a 
general lighting scheme. Where local lighting units are used to supple¬ 
ment general lighting arrangements for doing fine work, it is particularly 
important that the general illumination be good. Contrasting or spotted 
illumination not only causes a loss of time, but also undue fatigue result¬ 
ing from constant eye adjustments. For intensities from 30 to 50 foot- 
candles, to of the illumination should be provided by the general 
lighting; for 100 or more foot-candles, 20 foot-candles or more of 
general illumination should be used to eliminate objectionable contrasts 
in the lighting. Lcx'al ligliting units must be carefully designed and 
jfl^iced to supply adequate light of the proper quality without causing 
glare. Reflected glare can usually be eliminated by changing the position 
of the light source, of the work, or by decreasing the brightness of the 
light sources. Glare due to “time of exposure” can be corrected by 
decreasing the brightness of the light sources or shifting the position of 
the workplace or worker. Reflectors should be so arranged that the light 
falls upon the work and not in the operator's eyes. 

USE OF LIGHT IN PROCESSES, ETC. 

Ultra-Violet Radiation. —Ultra-violet light is a form of radiant 
energy of short wave lengths which is invisible to the eye. Some of these 
ultra-violet rays produce sunburn and aid in activation of vitamin D. 
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Others are effective in destroying bacteria, molds, and other micro¬ 
organisms. The commercial utilization of these rays is proving prac¬ 
tical. Micro-organisms may be killed by exposure to them. Disease 
germs or air-borne bacteria may be eliminated by circulation of the air 
through ducts where lamps giving off these ultra-violet rays are used. 
The lamps are used in hospital operating rooms to reduce the bacteria 
count and promote quick healing. In the preparation and packing of 
meat, foods and allied products one finds it important to sterilize the 
containers or wrappers; the surfaces of materials packed in jars and 
many items subject to the eventual contamination by fungi or molds. In 
this classification one of the most interesting is the destruction of mold 
spores in air in bakeries to reduce the mold growths on the bread and on 
almost any baked goods. Preventing the contamination by radiation 
seems much more important and much more practical than eventual 
destruction of spore or fungus after it becomes rooted and growing. In 
bakeries one 30-inch tube for each 50 to 100 square feet of floor area 
seems sufficient. 

Light for Drying and Heating Operations.—Lamps used for 
drying and heating operations produce infra-red radiant energy, wliich 
penetrates and is absorbed by the surface or material to be dried, causing 
rapid evaporation of the moisture or solvent. The operation is clean as 
no fumes are produced. The radiant energy does the drying directly, 
not by heating the surrounding air. Lamps may be installed anywhere in 
the production line and in the numbers required. Reflectors direct the 
radiant energy upon the work, heat losses are low, and insulation against 
escaping heat is unnecessary. These lamps are being used for heating 
and drying in connection with many products, including industrial and 
automotive finishes, surface moisture on metals, blueprints, tobacco, 
pottery, motor and transformer windings, and paper finishes. 

The Stroboscope.—^Tlie ordinary filament bulb used for illumination 
has a definite period during which the filament is heating when the 
switch is turned on and a period of cooling after the current is turned 
off. These periods produce a glow increasing or decreasing in intensity 
but producing sufficient light for vision nevertheless. The stroboscope is 
a neon lamp in which these periods of glowing are eliminated. Conse¬ 
quently, when it is turned on and off rapidly a series of distinct pictures 
is presented without any intermediate vision. The result is the same as 
that presented by a moving picture projection which interrupts a series 
of pictures and gives the effect of continuous unbroken motion. With the 
use of the stroboscope an engine running at a speed of 2,000 revolutions 
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a minute can be made to appear motionless or turning over very slowly 
according to the speed with which the stroboscope is turned on and off. 
The effects of torsion on the behavior of the pistons and valves can be 
studied while the engine is in actual operation. Timing can be checked 
or the operation of a machine tool studied. Processes that are too rapid 
for the human eye to follow under ordinary lighting conditions can be 
brought into clear relief with this instrument and defects noticed and 
corrected. 

Electric Eyes.—The use of photoelectric control devices for indus¬ 
trial purposes has increased greatly in the past few years. These so-called 



Figure 83. An Electric Eye Counts the Boxes as They Pass on This Conveyor 

electric eyes consist of a beam of light falling upon a phototube. The 
energy so developed can be put to many uses. Placed upon a punch press 
or other equipment it acts as a safety guard which will not allow the 
press to operate when any part of the workman's body interrupts the 
light beam. Figure 83 shows an electric eye counting boxes as they 
pass along a conveyor. In other applications photoelectric cells have been 
made to open and shut doors, stop conveyor lines, and act as guardians 
or watchmen inside and outside a plant. It is possible to obtain equip¬ 
ment which will operate over distances of several thousand feet for this 
last purpose. 


CHAPTER 16 


AIR CONDITIONING 

Early Development.—Air conditioning consists in controlling the 
temperature, circulation, humidity, and purity of the air. Air is a mix¬ 
ture of gases: about 99% of nitrogen and oxygen in the ratio of four 
volumes to one, with small amounts of argon, carbon dioxide, and other 
gases. Water vapor is normally present in the air in varying amounts, 
and it may contain impurities like dust, soot, bacteria, and the like. 
Modern engineering efforts to manufacture weather suitable for various 
process needs dates from about 1901, and the art of air conditioning was 
recognized in 1911. In the early years most attention was given to 
installations designed to reduce the cost and improve the quality of 
products. Later, the desirability and value of conditioned air for human 
efficiency, health, and comfort was recognized, leading to added indus¬ 
trial and many commercial and home installations. Year-round air con¬ 
ditioning for reasons of economy and comfort is now generally accepted. 

Definitions and Explanations.—The following deliiiitions and 
explanations of some technical terms necessarily used, will aid tlic reader 
in gaining a clear understanding of the subject matter of this chapter. 

The Fahrenheit or ordinary dry bulb thermometer registers the degree 
of heat of the air, but not the quantity of heat. Ii indicates the ability of 
the air to transmit heat to objects. As the degree of moistness of the body 
and the relative humidity of the air also affect the individiial’s feeling of 
comfort, the dry bulb docs not measure accurately the bodily reaction to 
atmospheric conditions except at 46 degrees, when a normal amount of 
clothing is worn. 

The wet bulb temperature is the temperature at which the air is saturat¬ 
ed with moisture. Under normal conditions it will be less than the dry bulb 
temperature. The wet bulb thermometer may be made from an ordinary 
Fahrenheit thermometer by covering the bulb with a moistened wick. The 
wet bulb temperature may then be secured by whirling it or blowing the 
air against the bulb with a fan. Such a thermometer is affected by the 
temperature, and also by the moisture in the air which affects the evapora¬ 
tion, and hence cooling of the bulb. It takes into effect the cooling evapora¬ 
tive effect of air on the body, the latter more or less moist from perspiration. 
If the body were entirely wet the wet bulb thermometer would register 
bodily reaction accurately. It measures the bodily reaction more accurately 

'>.60 
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as the Fahrenheit temperature increases above 46 degrees, and accurately at 
some point a little below 132 degrees. 

The dry bulb temperature with the wet bulb temperature measures the 
relative humidity of the air and its heat content. The difference between 
the dry bulb temperature and the wet bulb temperature provides a measure 
of the cooling effect obtainable by saturating the air. 

Effective temperatures register the combined effect of (1) temperature, 
(2) humidity, and (3) air motion upon the human body. There are in¬ 
numerable combinations possible of these factors, and different combina¬ 
tions may give equal sensations of warmth or cold. The effective tempera¬ 
ture scale provides a single scale to which all combinations of temperature, 
humidity, and air motion may be referred. Its numerical values arc fixed 
by the temperature of still air,^ saturated. Thus any combination of air 
conditions, as above, which gives the same bodily effect as still, saturated 
air at a given temperature, has the same “effective temperature.” For ex¬ 
ample, an air supply which produces a bodily reaction of warmth equal to 
that of still, saturated air at 70 degrees, has an effective temperature of 70 
degrees. With a given effective temperature a person will always feel the 
same degree of warmth or coldness regardless of the dry bulb or wet bulb 
temperature, or velocity of the air. 

The relative humidity is the percentage of moisture actually present in 
the air as compared with the quantity which the air is capable of holding at 
the given temperature. As the temperature increases air can hold more 
water vapor. The relative humidity of air is lowered by a rise in tempera¬ 
ture and increased by a lowering of temperature. Within certain limits at 
ordinary temperatures, an increase in comfort is experienced with an 
increase in the relative humidity. (See Table 8.) llelow 46 degrees the 
reverse is true. Comfort is also affected by the movement of the air. 

Results of Air Conditioning.—The effect of climate on health and 
as a factor influencing mental and physical aggressiveness is well known. 
Climate i.s weather over a long period, and to create and maintain proper 
atmospheric conditions indoors is the object of air conditioning. Adverse 
conditions are reflected in a decreased inclination and capacity for doing 
work. Good weather promotes good health, health promotes efficiency, 
and efficiency promotes production. ‘Tt has been found that even when 
men were urged to work they accomplished 28% less total work in a day 
in an atmosphere 86 degrees F., 80% relative humidity, than at 68 
degrees F., 50% relative humidity.” “ J. I. Lyle, vice president of the 
Carrier Engineering Corporation, states that by providing a proper air 
supply, ‘Tn many instances the production is increased as much as 10% 
and in a few instances as much as 15% to 18% due to speeding up of 


* Still air refers to an air movement not greater than 25 feet per minute. 
“Ventilation,” New York State Commission on Ventilation, p. 196. 
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labor alone/’ Workers lose in physiological efficiency as air conditions 
vary from accepted standards. The effect may show itself in less output, 
in poorer workmanship, or both. 

The effect of bad air upon appetite and growth is distinct and of 
obvious importance. Regarding this the New York Commission on 
Ventilation says: ‘‘Finally we found a marked influence exerted by stale 
air upon the appetite for food as determined by serving lunches to parallel 
groups of subjects in stale and fresh air, respectively, . . . the excess of 
food consumed under fresh air conditions was respectively, 4.4, 6.8, 
8.6 and 13.6%.”^ Continued over a long period this would probably 
prove to be one of the most harmful effects of bad air. 

The fact that workers will accustom themselves to unsuitable atmos¬ 
pheric conditions without protest does not minimize the harm done and 
should not be an excuse for their continuance. Weeks and even months 
may elapse before injurious effects demonstrate themselves. Fortunately, 
apart from the social considerations involved, the immediate effect upon 
production wdll usually pay dividends upon the cost of correcting the 
situation. 

Where air conditions are favorable, it is noticeable that the zest for 
work on the part of employees increases, and more and better mental 
and manual work results as a natural consequence. It was this effect, 
observed in connection with installations designed primarily for process 
needs, that led to installations for the benefit of the personnel. 

Business firms find that air conditioning results in a decrease of lost 
time due to illness of office employees of about 50%. Absences due to 
sickness have been estimated to average 7 days a year for men, and 9 days 
for women. Colds and similar disorders likewise contribute to inefficiency 
of workers on the job, so that the sum total of gain might be about one 
week’s work or more per employee a year. The results in manufacturing 
departments would be greater where processes contaminate the air supply. 
In some cases absences have been decreased 90% following the installa¬ 
tion of an air conditioning system. Physical and mental sluggishness is 
likewise an important cause of accidents. 

Need for Air Conditioning.—Air conditioning is necessary in order 
to modify normal weather changes and conditions, to overcome vitiation 
of the air indoors due to crowding or industrial processes, to provide 
for a lack of natural ventilation, and to facilitate or make possible the 
carrying on of industrial processes affected by certain atmospheric 
conditions. 


• 7 Wci., p. 198. 



AIR CONDITIONING* 


Ch.i6] 


263 


The adverse effects which may be experienced because of bad air are: 
(1) headache, (2) mental lassitude, (3) physical and mental sluggish¬ 
ness, (4) fatigue, (S) cold, (6) excessive warmth; (7) abnormal reac¬ 
tion of the mucous membranes of the nose and throat, with resulting 
nervousness or susceptibility to infection, (8) unpleasant odors, and 
(9) decreased appetite. These effects result in a diminished capacity for 
doing work. Continued exposure to these conditions brings about a 
lowering of mental and physical vigor. Production costs become greater. 

Air may be deficient as regards (1) temperature, (2) humidity, 
(3) carbon dioxide content, (4) presence of dust or fumes, (5) presence 
of bacteria, (6) odors, and (7) lack of movement. Standards have been 
formulated which are designed to eliminate these possible adverse con¬ 
ditions. 


Standards of Air Conditioning.^—The accepted standards of air 
conditioning are: 

1. Effective air supply—the proper introduction, distribution, and 

disposal of an adequate quantity of air. 

2. Effective air temperature—considering temperature, humidity, 

and motion of the air. 

3. Air cleanliness. 

4. Air sanitation. 

5. Odors. 

6 . Other injurious substances. 

The injurious effect of bad air was formerly thought to be due in part 
to the depletion of the oxygen content, and to an increase in the carbon 
dioxide present. However, research and experiment indicate that any 
possible changes in these respects which may occur in workplaces are of 
little direct importance. Odors may prove disagreeable, causing discom¬ 
fort, and thus affect well-being. The same is true of dusts, fumes, and 
gases, some of which may also be toxic or otherwise harmful in their 
effect. Some bacteria are injurious. As a general rule, however, the 
important factors of an air supply are its temperature, humidity, and 
circulation so that the body may rid itself of excess heat through the 
skin. 

Industrial ventilation systems have been frequently designed to supply 
3,000 cubic feet of air per hour per occupant, but this may and should 
vary, depending upon conditions. 1,200 cubic feet per hour may suffice 
in some areas, while air changes every three or four minutes in such 

^ “Modern Trend in Science of Ventilation,” by Perry West, Journal of the Atneri* 
can Society of Heating and Ventilating Engineers, Vol. 30, No. 6, pp. 421-438. 
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places as laundries, kitchens, boiler and engine rooms, galvanizing rooms, 
dye-rooms, etc., may be needed. The quantity of air introduced should 
be governed by the amount needed to maintain the quality standard. 

As the temperature of air is increased beyond the comfort zone the 
relative humidity percentage should become lower in order that the 
evaporative effect on the body may be increased. (See Table 7.) Con¬ 
sidering health and comfort, the relative humidity should be maintained 
between 35% and 70%, at a figure which in combination with the desired 
thermometer reading will give an ideal wet bulb reading of from 57 to 60.® 
The vapor content of the air may also be taken as a partial measure of its 
quality.^* A content of from 4 to 5 grains per cubic foot is considered 
satisfactory with a permissible variation between 3 and 7 grains for a 
part of the time." A vapor content of four grains gives a relative humidity 
of 60% at 64 degrees F., 50% at 70 degrees, and with a wet bulb of 
56 and 59, respectively. Air must be comfortable to work in and this 
standard is expressed in “effective temperatures” coming within the 
“comfort zone” as determined by tests. Thus air, in order to satisfy the 
requirements of health, comfort, and working efficiency, must offer a 
proper combination of temperature, humidity, wet bulb reading, moisture 
content, and effective temperature. 

Table 7 was prepared from the comfort chart shown in Figure 84 and 
from other data. It shows the resultant wet bulb readings, vapor content, 
and effective temperature of air with various combinations of tempera¬ 
ture and moisture content and at different velocities. The degree to which 
each of these combinations satisfies the specifications suggested in the 
preceding pages may be noted. In this respect it is well to remember that 
nature does not offer the same combinations at all times, and that vari¬ 
ability is an essential to an invigorating climate. Although the air con¬ 
ditions in the office or plant may not vary appreciably, change is experi¬ 
enced during non-working hours outside. 

° Wet bulb readings ranging between 48 and 66 do not result in abnormal death rates, 
hut maintenance of the condition suggested above will tend to reduce the death rate 
i)elow normal. 

Other conditions permitting, relative humidity percentages of from 40% to 60% 
will ordinarily be used. In a temperature of 90 degrees and a relative humidity of 30% 
four times more work was performed than in air at the same temperature and 100% 
relative humidity. Five times more work was performed in a temperature of 90 degrees, 
relative humidity 60%, than in a temperature of 120 degrees and the same relative 
humidity. Work could be performed efficiently in air of 100 degrees F. and a relative 
humidity of 30%. (“Still and Moving Air,” by W. J. McConnell and C. P. Yaglogou, 
Journal of A. S. H. V, E., Vol. 31, No. 1, pp. 59-70.) 

® “The least number of deaths occur in Boston hospitals when the temperature is 
between 61 and 70 degrees F. The humidity, 5.1 to 5.5 grains.” (“Air Control as a 
Means of Reducing the Postoperative Death Rate,” by Ellsworth Huntington, American 
Journal of Surgery, Anesthesia Supplement, Vol. 35, No. 7, pp. 82-90.) The least 
number of postoperative deaths per day occurred when the vapor content was between 
3.6 and 4.0 grains. (Jbid., Vol. 35, No. 10, pp, 98-100.) 

The less moisture, the lower the dew point, and consequently lower possible tem¬ 
perature of walls without condensation. 
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Dry Bulb Temperature F 

(Courtesy A. S. II. V. K.,» 

Figure 84. A. S. H. \\ K. Comfort Chart for Air Velocities of 15 to 25 FPM 

(Still Air) 

Roth suniTuer and winter comfort zones apply to inhabitants of the Ignited States only. Appli¬ 
cation of winter comfort litie is further litnited to rooms heated by central station systems of the 
convection type. The line docs not apply to rooms heated by radiant methods. Application of 
summer comfort line is limited to homes, offices and the like, where the occupants become fully 
adapted to the artificial air coiiditions.’ The line does not apply to theaters, department stores, 
and the like w'here the exposure is less than 3 hours. 

During the summer months it is found that a maximum difference of 
about 15 degrees is permissihle between indoor and outdoor conditions. 
One company increases an indoor temparatiire of 72 degrees one 
degree for each rise of three degrees in the outdoor temperature above 
70 degrees. With an outdoor temperature of 100 degrees the indoor 
reading ^^'ould be 82 degrees. Too great a contrast will prove disagree¬ 
able and may cause illness. 
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Table 7. Effective Air Temperatures at Varying Velocities Under 
Different Thermometer Temperatures and Humidities 
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'I'emp. 

Tahi.i 

Rel. 

Hum.2 

Dew 
Point * 

Outdoor 

Temp* 

Wet 

Bulb* 

Grain» 

of 

Water 
Vapor • 

Effective Temperatures at Various 
Velocities per Minute ^ 

Still 

Air 

100' 

300' 

500' 

60 

100 

60.0 

60.0 

60.0 

5 7 

6o.o 

S 5.9 

SI 3 

47.8 


90 

57-0 

5^ 0 

si. 2 

5 2 

576 

SJ-S 

51 I 

47 8 



55 3 

54 0 

57 3 

4 0 

5 ) 3 

SO 4 

Si.o 

47.8 


80 

S 3 9 

52.0 

4 

4.6 

55 I 

5^.2 

51.0 

47 8 


70 

SO-1 

47.0 

54 3 

41 

58.7 

55 9 

50-9 

47 8 


60 

46.0 

41.0 

52.2 

3 5 

58.3 

55 6 

SO -7 

47.7 


50 

41.2 

35 0 

SO .3 

29 

57-9 

554 

SO 6 

47.7 


40 

35 2 

27.0 

48.0 

23 

57-5 

55.2 

50.4 

47-7 


30 

28.9 

18.0 

45 8 

17 

57.2 

54 9 

SO.3 

47-6 


20 

20.0 

7.0 

43 3 

i.i 

56.9 

54 6 

50.2 

47 6 

S6 

100 

56 0 

56.0 

56.0 

50 

56.0 

52.4 

46.2 

42.4 


90 

53 3 

52.0 

54 3 

4.6 

55 7 

52.2 

46.2 

42.5 



51 S 

So.o 

S 3 4 

4 3 

55 5 

52.2 

46.2 

42.6 


80 

50.1 

48.0 

52.6 

4.0 

55 4 

52 .1 

46.2 

42.7 


70 

46 2 

43 0 

SO 8 

3 5 

55 I 

SI 9 

46.2 

42.8 


60 

42,4 

38.0 

48.8 

30 

54 9 

SI.8 

46.2 

42.9 


SO 

38.0 

32.0 

47.0 

2 5 

54-7 

SI 7 

46.2 

43-0 


40 

32 0 

24.0 

45.0 

20 

54 4 

SI .5 

46.2 

43 I 


30 

25,0 

14 0 

42.9 

IS 

54.1 

SI 3 

46.2 

43 2 


20 

17.0 

4.0 

40 8 

1 * ° 

S 3 9 

51 2 

46.2 

43 2 


Explanation of Table 

1. The usual temperature range for health and comfort is between 60 and 72 
degrees F. In some instances higher temperatures might be preferable in order to 
avoid too great a contrast between outdoor and indoor conditions. A condition of 
comfort can be maintained even at much lower or higher dry bulb temperatures by 
properly controlling the humidity and velocity of the air. 

2. The humidity percentages should vary somewhat according to the tempera¬ 
ture, in general being lower at high temperatures and vice versa, ranging from 35 
to 40% to 70 or possibly 80 in some cases. For summer comfort indoor temperatures 
should be raised in order to avoid too great a contrast with outdoor conditions as 
explained elsewhere. A condition of comfort can be maintained with lower or 
higher relative humidity percentages by properly controlling the temperature and 
velocity of the air. 

3. Temperatures on inside of glass resulting from other conditions stated. The 
temperature at which condensation would take place. With high relative humidity 
percentages indoors and low temperatures outdoors, glass and wall area tempera¬ 
tures may easily be so low as to cause objectionable condensation. This reason com¬ 
bined with the difficulty of evaporating sufficient water is why in house heating 
the humidity of the air is usually below 25%, frequently only from 12 to 20%. 

4. These or lower temperatures outdoors, with corresponding dry bulb and 
relative humidity readings would result in glass temperatures (inside of windows) 
as indicated under “dew point,” and condensation would result. 

5. Wet bulb readings may vary between 48 and 66, ideal readings coming between 
57 and 61, the higher figure being preferable for the summer months when less 
clothing is worn. The effect of wet bulb readings on comfort may be modified by 
properly controlling the velocity of the air. 

6. The usual water content should probably be from four to five grains, with 
permissible variations between three and seven grains per cubic foot of air. (See 
footnoes 6 and 7.) 

7. Effective temperature readings between 63 and 71 come within the comfort 
zone considering individuals normally clothed and at rest in still air. These are 
slightly lower for persons who are active. (See Figure 84 and 85.) 
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Research at the University of Illinois indicates that maximum comfort 
is attained at 70 degrees with 50 % relative humidity. With humidity cut 
to 20% the temperature must be raised to 73 degrees for the same amount 
of comfort. In cold weather it may not be possible to maintain desirable 
relative humidities without objectionable condensation upon cold win¬ 
dows or other exposed surfaces. Double windows and insulated walls 
overcome this difficulty. 

Obtaining Cooling Effects.—Cooling effects may be obtained by (1) 
lowering the dry bulb temperature of air, (2) reducing its moisture 
content, (3) air circulation, and (4) adding moisture to the air without 
heat. In (2) by reducing the moisture content, the evaporative effect is 
increased, and in (4) by adding moisture the temperature is lowered. 
The method chosen will depend upon local conditions, which will give 
desired results at least cost. 

Air in motion at ordinary temperatures is cooling in its effect, and to 
a greater degree as its velocity is increased. Velocities up to 300 feet per 
minute are more efficient than higher velocities.^ The effective tempera¬ 
ture difference between still air and moving air is greater at high humid¬ 
ities than low humidities. These facts are apparent by reference to Table 
7 and Figure 85. As long as the wet bulb temperature of the air is below 
the body temperature a cooling effect is exerted, but when above, an 
opposite effect is felt. 

It is frequently possible to secure a considerable cooling effect by 
providing simple and inexpensive equipment to put the air in motion, but 
if the air temperatures are high, this remedy is less effective. At high 
temperatures, the cooling effect of air even at high velocities is small, 
and it may prove economical first to saturate the air, thus reducing its 
temperature, in order to get greater effect. If the air is dry, or there is 
considerable difference between the wet bulb and dry bulb temperatures, 
the cooling effect by air washing is greater than if the air has initially a 
greater moisture content. 

The Thermometric Chart.—The thermometric chart (Figure 85) 
is described thus: 

. . . affords a complete formulation of the laws of cooling of the 
human body. The proximity of any point to the dry and wet bulb axes 
Indicates the superiority of one temperature over the other in determining 
human comfort. For ordinary temperatures the points are nearer to the 
dry bulb axis, while for high temperatures, when sensible evaporation 


* In practice velocities greater than 300 feet per minute are seldom used. 
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comes into play, the upper part of the diagram approaches the wet bulb 
axis ... 

It will be observed that in the lower part of the diagram the various 
velocity lines intersect the dry bulb axis at temperatures at which the 
effect of wet bulb, or humidity of the air, is eliminated completely. Below 
these temperatures the divergence of the velocity lines away from the dry 
bulb axis and the change in their curvature indicate a reversal in the effect 
of humidity; the higher the humidity the cooler the condition, and vice 
versa. 

At high temperatures the velocity curves converge toward each other, 
until at body temperature they all meet at a common point called the “neu¬ 
tral point” in atmospheric conditions. Above this point the reversal in the 
order of the velocity curves with reference to the still-air curve shows the 
heating effect of wind upon the human body, and its increase with velocity. 

. . . The distance between any two consecutive velocity lines is a func¬ 
tion of the amount of cooling produced by an increase of 100 feet per 
minute in the velocity of the air. Above 300 feet per minute the efficiency 
of air movement falls off considerably, and it will be inefficient in practice 
to use velocities greater than this.® 


The following example illustrates the use of the chart: Given dry 
bulb 76 degrees, wet bulb 62 degrees, velocity of air 100 feet per minute, 
determine: 

1 . Effective temperature of the condition. 

2. Effective temperature with still air. 

3. Cooling produced by the movement of the air. 

4. Velocity necessary to reduce the condition to 66 degrees, effective 

temperature. 

Procedure: 

1. Draw line A~B through given dry and wet bulb temperatures. 

Its intersection with the 100-foot velocity curve gives 69.0 
degrees for the effective temperature of the condition. 

2. Follow line A-B to the right to its intersection with the 0 

velocity line, and read 70.4 degrees for the effective tempera¬ 
ture with still air. 

3. The cooling produced by the movement of the air is 70.4 — 69.0 

degrees *==1.4 degrees effective temperature. 

4. Follow line A~B to the left until it crosses the 66-degree effective 

temperature line. Interpolate velocity value of 340 feet per 
minute, to which the movement of the air must be increased 
for maximum comfort. 


® “Effective Temperature with Clothing,” by C. P. Yaglogou and W. Edw. Miller, 
Journal of A. S. H. l\ E,, Vol. 31, No. 1, pp. 59-70. 
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By passing this air through a humidifier where the water is recircu¬ 
lated and not heated, the dry bulb temperature will be reduced to 62 
degrees, the wet bulb temperature. A line connecting the two 62-degree 
points on the respective scales will pass through the effective temperature 



Developed by C. P. Yagloglou and W. Edw. Miller for human beings at rest and normally 
clothed. A, S. H. V. E. Research Laboratory in co-operation with the Bureau of Mines. 

line at 62 degrees which is 8.4 degrees lower than before. The cooling 
effect of moving the air at a rate of 100 feet per minute will then be 3.0 
degrees as compared with 1.4 degrees previously. When air at high 
temperatures and low or moderate humidities can be treated in this 
manner there is considerable advantage in doing so. 
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For an effective temperature of 65 degrees, and with 20% relative 
humidity, the wearing of normal clothing requires a lower dry bulb 
temperature by 3.3 degrees, than when subjects are stripped to the waist. 
This difference decreases as the effective temperature rises, until at 94 
degrees it is immaterial whether clothing is worn or not. At still higher 
temperatures clothing is an aid to cooling. Therefore, in industrial 
operations that require exposure to high temperatures and low humidities 
workers will be better off if their entire body is covered with clothing.^® 


Industrial Uses of Air Conditioning.—The first silk mill in Eng¬ 
land was also the first to attempt air conditioning. Of this plant, erected 
ill 1719 near Derwent, Charles Knight wrote: “One fire-engine conveys 
warm air to every part of this vast machine (which produced silk 
yarn).*’ 

However, air washing and humidifying equipment making possible 
the control of the moisture content and cleanliness as well as the tem¬ 
perature has only been available during the present century. During this 
period rapid progress has been made in the science of air conditioning 
and the design of equipment to give automatic and absolute control of 
atmospheric conditions. Air control is now practised in over a hundred 
industries, and the effect of natural climate on materials is thus elimi¬ 
nated. It often saves time and production space, assures the quality and 
purity of the product, and makes possible standard production schedules. 

Each industry and each plant presents problems calling for careful 
individual consideration of all the influencing factors. Climate, sur¬ 
roundings, product, raw materials, processes, and the physical plant have 
their effects on the atmosphere. The degree of control effected will vary 
with the materials, the products, and the results desired. Some accom¬ 
plishments in this field will serve to illustrate present engineering practice 
and the industrial possibilities.^- 

In candy making the air must be clean and pure, thoroughly distrib¬ 
uted, cool, and relatively dry. The confectioner may then avoid “gray 
chocolates,” stickiness, lack of a glossy finish on hard candies, etc. 
Quality and appearance are vital to sales success. (See Figure 86.) A 
porcelain sanitary maker increased his plant capacity 125%, decreased 
quantity of stock in process 74%, and reduced the production time of one 
drying operation from an average of 17 to 21 days to 18 hours. Faulty 


Heat losses occur due to radiation, convection, and evaporation. As the body 
temperature is approached, those by radiation and convection approach zero, while due 
10 perspiration, the evaporative heat losses increase and are made greater by the greater 
area of clothing surface as compared with body surface. 

Old England, by Charles Knight, Vol. 2, p. 323. 

The writers are indebted to the literature of the Carrier Engineering Corporation 
for much of this descriptive material. 
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pieces were practically eliminated by the uniformity and dependability of 
control. “Manufactured weather dries any material at maximum speed 
because it is automatically adjusted to meet the exact requirements of the 
given material at the given instant in its drying progress. . . . The con¬ 
trol device is equipped with a timing mechanism which automatically 
alters the temperature and humidity at fixed intervals of time, from the 
beginning to the end of the drying process.” 

In cotton manufacture, if the fibres are too dry they are brittle and 
easily broken. If too wet they are easily pulled apart, easily stretched 



(Courtesy of the Carrier KngineerinR Corp.) 

Figure 86. View in the Whitman Chocolate Comi)any Plant 


beyond their elastic limit and weakened. Control of the temperature and 
humidity within definite limits is essential to quality and quantity output 
of cotton, wool, and silk goods. Paper, like textiles, involves the treat¬ 
ment of fibres. Thus moist paper is weaker in tensile strength than dry 
paper; and the quality of the printed impression is greatly affected by 
the room temperature and moisture content of the paper. 

Makers of fine wood furniture, likewise, need to maintain uniform and 
favorable air conditions througliout their plants. Strength of glued joints, 
workmanship, and finish, depend on it. Exhaust systems are used to 
remove dust, smoke, or fumes from operations or processes and thus keep 
the air in the workplace clean. 


* “The Weather Vane," Carrier Engineering Corporation, Vol. 3, No. 3, p. 22. 
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Air conditioning enables the baker to control the processes in his plant, 
something which is essential to standardization and uniformity of product. 
Specialists have discovered that the process of dough fermentation is best 
carried on at a temperature of 80 degrees F., and a relative humidity of 
80%. Ordinarily, the fermentation period may take 5 or 6 hours; with 
controlled air conditions, a maximum of 3 hours. Further, with uncon¬ 
ditioned air, fermentation must frequently be forced, requiring more yeast 
and flour. When ideal conditions prevail as many as fifteen more loaves 
of bread are secured from each barrel of flour. Icings, frostings, and 
cake decorations are affected by too much moisture in the air. In the 
dough room air which is too dry will absorb moisture from the dough, 
causing crusting. Unsightly lumps appear, fermentation practically 
ceases, blow holes form, and the final product is deficient in appearance 
and taste. The removal of dust and impurities from the air is an impor¬ 
tant factor in sanitation. Many food product plants desire that their 
goods reach the consumer crisp and appetizing, and this object is attained 
by atmospheric control in the factory in combination wdth delivery in 
sealed containers. Drugs, pharmaceutical and biological products, surgi¬ 
cal and hospital supplies need to be prepared and packaged in conditioned 
air for obvious reasons. 

The manufacture of airplanes on a quantity basis calls for controlled 
atmosphere. Engine parts are made to very close tolerances. Even 
natural light falling on the work may cause changes in temperature 
sufficient to make the parts inaccurate. The manufacture of watches 
and fine machinery, and the use of delicate equipment necessitate air 
free from dust and moisture. Automatic machinery is often dependent 
upon an unvarying state of the materials it handles if it is to function 
satisfactorily, as in gum making and wrapping. The presence of static 
electricity interferes with many machine operations and is usually indica¬ 
tive of low relative humidities. It may be eliminated by increasing the 
moisture content. Perspiration on the hands of those packing polished 
metal objects may cause tarnishing. The remedy is to reduce the mois¬ 
ture content of the air. 

Not only are materials improved but machinery, particularly electrical 
equipment, operates more smoothly and with less wear when the air 
supply is properly tempered and clean. As a consequence it lasts longer. 
In countless ways in innumerable industries from gum to automobiles 
and aeroplanes, artificial weather may aid in producing cheaper and 
better products. 

The benefit afforded the workers may often be of equal or greater 
importance. The '‘human machine” rather than the “iron man” wields 
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Table 8, Proper Temperatures and Humidities for Various 
Industrial Processes 

i 

The following: tabulation of favorable conditions of temperature and humidity for a wide 
variety of processes and products, is presented primarily to demonstrate the wide departure 
from uncontrolled weather and the variety of conditions which may be demanded, even within 
a single plant. 


INDUSTRY 

AND PRODUCT 

PROCESS 

TEMPERATURE 
DEGREES P. 

PER CENT 
RELATIVE 
HUMIDITY 

Bakeries 

Dough Fermentation 

Proofing 

Bread Cooling 

80 

80 


90 to 95 

80 to 90 


70 

65 to 70 

Prepared Cereals and 
Beveraoe Powders 

Packaging and Sealing 

75 

40 to 45 

Chewing Gum 

Rolling and Scoring 

Wrapping and Packing 

75 

70 

50 

45 

Confections 

Enrobing and Hand Dipping 

Hard Candy Cooling and Packing 

65 

55 


70 

40 


Starch Room 

75 to 85 

SO 


Packing 

65 

50 

Dairy Products 

Butter Making 

60 

60 


Chill Room 

40 

60 

Butter Substitutes 

Churn Room 

70 

60 


Print Room 

60 

60 


Chill Room 

30 

60 

Meat 

Bacon Slicing 

60 

45 

Bananas 

Holding Ripe Fruit 

56 

70 to 75 


Holding Green Fruit 

58 

70 to 75 


Slow Ripening 

60 to 62 

90 


Fast Ripening 

70 to 72 

90 

Tobacco 

Softening 

90 

85 


Stemming or Stripping 

Cigar and Cigai^tte Making 

75 to 85 

70 


70 to 75 

55 to 65 

Printing and 

Press Room 

70 to 80 

Winter—45 

Lithographing 



Summer—55 


Folding 

70 to 80 

65 


Binding 

70 to 80 

45 

Lacquering 

Spray Room 

75 

25 

Cotton 

Carding 

75 to 80 

50 


Combing 

75 to 80 

60 to 65 


Roving 

75 to 80 

50 to 60 


Spinning 

Long Draft 

75 to 80 

60 


75 to 80 

50 to 55 


Short Draft 

75 to 80 

60 to 65 


Spinning 

Twisting and Spooling 

75 to 80 

60 


75 to 80 

65 


Warping 

75 to 80 

65 


Weaving 

75 to £0 

75 to 80 

Wool 

Carding 

75 to 80 

1 65 to 70 


Spinning 

75 to 80 

55 to 60 


Weaving 

75 to 80 

50 to 55 

Silk 

Dressing 

75 to 80 

60 to 65 


Spinning 

75 to 80 

65 to 70 


Throwing 

75 to 80 

65 to 70 


Weaving 

75 to 80 

60 to 70 

Rubber 

Dipping Surgical Rubber Articles 

Standard Laboratory Tests 

75 to 80 

25 to 30 


82 to±2 

45 to ±3 

Drugs 

Effervescent Powders and Tablets 

70 to 80 

30 to 35 

Films 

Drying Negatives 

75 to 80 

50 

Motion Pictures 

Drying Positives 

75 to 80 

50 


Printing Room 

70 

70 


Cutting Room 

72 

65 


(Courtesy of Parks-Cramer Company, Fitchburg, Mass.) 
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the chief influence in increasing output and lowering costs in many 
industries. The International Business Machines Corporation installed 
air conditioning in the engineering laboratory and offices witli the result 
that more new products were designed and more production secured at 
less cost than previously. Invigorating weather—the year around—^keeps 
minds and bodies thoroughly “alive,’' creating energy, enthusiasm, and 
good nature, the driving forces of industry. 

The list of favorable conditions of temperature and humidity for a 
diversity of processes and products, shown in Table 8, demonstrates the 
wide departure from uncontrolled weather and the variety of conditions 
which may be demanded, even within a single plant. 

Ventilating Equipment. —Tliere are several methods of ])ringing in 
and circulating fresh air which are more or less effective depending upon 
conditions. These ventilating systems are readily classified as either 
natural or mechanical systems. In the former the normal movements of 
air currents are utilized; sometimes made more positive and accelerated 
by mechanical devices. The latter systems utilize mechanical equipment 
to pull the air into the plant, and then to distribute it where wanted. The 
slightly increased atmosplieric pressure brought about by the constant 
introduction of a large volume of fresh air causes an outflow of air 
through windows and openings. Or exhaust fans and ducts may be used 
to remove the bad air. 

Window ventilation under favorable climatic and weather conditions 
may prove adequate in workrooms where the number of employees is 
limited, where vitiation of the air supply is not a problem and where the 
effect of the atmo.sphere on materials is not a factor. PVesh air enters 
and is tempered by the heat from radiators or by mixing with the air 
supply in the room. Inattention to window ventilation results in no 
ventilation. Likewise cold, rain, or snow affects the supply of air from 
such sources an^l renders them ineffective. The workers who are nearest 
the windows may be too cold, others too warm. In any event, the 
humidity, purity, and circulation of the air are not controlled by window 
ventilation, and the temperature is controlled only partially. Window 
ventilation may be improved by providing a means of escape for the used 
air in the room through ducts. The natural movement may be increased 
and the circulation in the room improved by placing aspirating coils in 
the ducts, or by using exhaust fans. In small workshops and for particu¬ 
lar workplaces a cooling effect may be obtained by using a local fan 
system to blow a current of air upon those employed. 

Exhaust fans placed in outside walls may be used in conjunction with 
window ventilation to effect air changes. They are effective in removing 
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odors, steam, fumes, gases, heat, etc., from laundries, kitchens, galvan¬ 
izing rooms, and heat-treating departments. Thejr effectiveness decreases 
as the room area is increased, and when opposing currents of air are set 
in motion. The local application of the exhaust or vacuum principle is 
very common and useful. Hoods are placed at the points of origin of 
dust, smoke, heat, etc., and the objectionable elements are drawn directly 



(Courtesy of The Bahnson Co.) 

Figure 88. A Bahnson Unit Humidifier 


into the hoods and removed, thus preserving the purity of the air in the 
room. 

Ventilators placed on the roofs of buildings afford outlets through 
which heated air may escape. Natural chimney action is greatly increased 
because of the convection currents set up in the ventilators by wind 
currents across their tops; thus bad air is pulled out of the building. 
This equipment is effective in heat and drop forging plants, paper mills, 





INDUSTRIAL MANAGEMENT 


278 


[Ch. 16 


boarding departments of hosiery mills, in the textile industry, boiler and 
engine rooms, etc. Ventilator efficiencies may be decreased by absence of 
wind movement, by cross currents of air in the building, or by an insuffi¬ 
cient inflow of fresh air. 

Humidification may be accomplished by use of unit humidifiers. These 
are suspended at intervals from the ceiling or mounted on columns, and 
give off a very finely divided water spray which the air absorbs, the 
degree of humidity being controlled by hygrometers. The temperature 
of the feed water may be varied, but insufficient control of temperature 



Figure 89. This Flat Roof Monitor Gives Perfect Light and Ventilation. Plant 
of Richards-Wilcox Manufacturing Company, Aurora, Illinois 


during the summer months may cause discomfort or affect tlie work¬ 
ability of materials. Figure 88 shows this type of equipment. 

Natural ventilation systems are particularly applicable to a certain 
class of industrial buildings in the metal trades known as heat-producing 
buildings. These comprise steel mills, tube mills, foundries, forge ^hops, 
core rooms, and sometimes machine shops, and constitute a large indus¬ 
trial group where the worst conditions are quite likely to obtain on 
account of the high temperatures, smoke, gases, fumes, and dust con¬ 
stantly being produced. 

Figure 89 shows a flat-roof monitor which gives excellent light and 
ventilation. “Runs” of sash in monitor and side walls are motor-operated 
en masse. Single sashes in side walls are hand-regulated. 

The M-shaped roof truss provides a much larger area of roof opening 
than the ordinary monitor, and the roof slopes are designed to lead the 
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Figure 90. Cross-Section of a Typical Foundry with M-Shaped Roof Truss 


air naturally to and through the outlets. Masses or ‘Vuns’’ of controlled 
sash are also built in the side walls of the building to provide air inlets. 
In the building shown in Figure 90, natural currents keep the air clear. 
Gases and heat will escape against a light wind if the lower ‘‘runs” of 
outlet sash on the windward side are closed as shown. Figure 90 pro¬ 
vides an excellent example of M-shaped roof trusses and side wall sash 
used for natural ventilation. 

When large floor areas are to be ventilated air may be drawn in 
through A-frames built in the roof. Natural air movements may be 
supplemented by the installation of fans and a duct system which bring 
in outside air and release it through a series of outlets a few feet above 



Figure 91, Moline Malleable Iron Company Foundry, St. Charles, Illinois 
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the floor level, thus increasing the supply of fresh air, circulation, and 
removal of smoke, heat, dust, and fumes. 

In order to obtain clean air the incoming supply may be drawn through 
filtering devices installed in the entrance to the duct system, and as much 
as 97 % of the atmospheric dust, dirt, soot, and bacteria filtered out. The 
air is cleaned by impingement on and scrubbing contact with adhesive or 
oil-coated surfaces. Where oil is used it is allowed to flow downward over 
the vertical surfaces against which the air makes contact. The accumu¬ 
lated impurities are then filtered out and the oil recirculated. Such a 
cleaner will remove soot and smoke more effectively than air washers. 
This equipment probably provides the cheapest means of securing clean 
air, which is always desirable. However, it does not give control of 
the moisture content. Obviously air conditioning is not accomplished by 
any of the methods described above to a greater extent than removing 
the bad air and bringing in fresh outdoor air. In many instances, how¬ 
ever, the successful accomplishment of this result provides a tremendous 
improvement over previously existing conditions at a small cost and may 
be all that is practicable. 

Air Conditioning Equipment.—Absolute control of atmospheric 
conditions indoors is practically a necessity in many plants and this ma}^ 
be achieved by the installation of air conditioning apparatus in combi¬ 
nation with a duct system for its distribution, and another for its removal 
if required. Air is drawn into the apparatus, washed, cleaned, and tem¬ 
pered as desired, then forced into the duct system for distribution. When 
the air enters the conditioning machine the spray water may be auto¬ 
matically maintained at a temperature which will take heat from the 
air, and thus reduce its moisture content. The result will be to dehu- 
midify the air. The same equipment may be used as a humidifier by 
raising the temperature of the spray water so that it will convey heat to 
the air and increase its water content. Apparatus of this kind may he 
installed in a candy factory or any place where it is necessary to reduce 
the normal humidity of the air. In a textile mill, humidifying action 
would probably be needed together with temperature control. The bene¬ 
fits to be derived by manufacturing w^eather to fit production needs 
exactly, and to maintain healthful conditions for employees are more and 
more appreciated by employers. 

Henry Ford and other industrialists have taken the lead in installing 
complete air conditioning equipment for foundries, heat-treating depart¬ 
ments, and workplaces where heretofore only ventilation as suggested by 
Figure 90 was considered practical. In some cases as many as 25 cubic 
\'ards of dirt are removed from the air dailv. 
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Electric Precipitators. —The Westinghouse Electric and Manufac¬ 
turing Company has developed an electric precipitator which ionizes or 
charges the air. The ionized particles pick up virtually all dust in the 
circulating atmosphere, find their way to charge plates and deposit their 
burden of dirt. Tobacco smoke may be removed in this way. Installa¬ 
tions are effective in minimizing dirt damage to fine linens, draperies, or 
other delicate merchandise, or to prevent silicosis caused by breathing 
certain mineral dusts. The use of ultra-violet rays for purifying the air 
supply is mentioned in the chapter on lighting. 

Instead of proving an expense, these equipments should pay dividends 
on their cost and prove a valuable asset to the concern in keeping desir¬ 
able, experienced employees on the job. Bad air is bad business. 



CHAPTER 17 


STANDARDIZATION AND SIMPLIFICATION 

The Consumer and the Simplified Product. —In its broadest sense 
simplification is a philosophy which strictly discourages all unnecessary 
motions in business. It may be applied to commodities, methods, or 
activities. In business usage the term generally refers to the practice of 
reducing the variety of products made or sold by eliminating certain 
styles, sizes, or other diversifying qualities. Contrary to what is claimed 
by some sales-minded individuals it is not true that the consumer is 
fundamentally opposed to simplification. While differences in appear¬ 
ance or size are frequently valuable in promoting the sales of many 
products, for the most part merchandise today can be and is sold on the 
basis of its ability to fulfill the use to which it will be put. Together with 
the change from hand production to mass production in manufacturing 
there has been a change in the attitude of the consumer from a demand 
for originality, extremely complex styles, and the unique, to a demand 
for an article which is functional. It is noteworthy that neither simplifi¬ 
cation in manufacturing nor the demand of the consumer for functional 
items has resulted in a loss of aesthetic appeal in the product. At present, 
industry, through simplification, not only is producing more articles, but 
these articles are better and more beautiful as a result of their simplicity. 

The objections to simplification which were voiced at the beginning of 
the era of mass production; namely, that the result would be a standard¬ 
ized and monotonous world, appear today to have been unfounded. The 
result has not been a monotonous world, but rather, a world in which 
the simplicity of design, and utility of the simplified articles serves as a 
basis for more variety in life itself. It is true that the early critics of 
mass production saw at once the logic in the process that would inevitably 
lead to simplified products; what they did not see was that these prod¬ 
ucts would not be frozen in the designs then extant, but rather, that the 
possibilities of quantity production would serve as an inspiration for the 
development of new art forms peculiarly adapted to it. 

Economies of Simplification. —The possibilities of economy inher¬ 
ent in present-day mechanical production comprise one of its greatest 
potential contributions to man’s standard of living. Simplification, by 
allowing the natural efficiency of mechanical production full sway, elimi- 
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nates waste, decreases costs, and increases values in product distribution 
and consumption. The fact that, used in this way, simplification efforts 
result in a limited choice of articles is not a disadvantage provided manu¬ 
facturers place the proper emphasis upon functional design and adapt¬ 
ability to use, and educate the consumers through advertising to the sig¬ 
nificance of the modern trend toward finding value and beauty in utility. 
This is the common ground for the consumer and for the producer of 
large quantities. Wherever a meeting on this common ground can be 
arranged by suitable sales techniques and education, the benefit to man 
is real. The lower price possible through simplified quantity production 
inevitably raises the general standard of living. It should be remembered 
that this lower price results not only through increased economies in 
production, but also through increased economies in distribution. 

In a western city 82 brands of coffee were offered for sale, although 
71% of sales were of seven brands. One hundred and thirty-seven 
brands of talcum powder were available, with 60% of the demand for 5 
of these. Forty-one kinds of laundry soap competed for attention in one 
place, the three most popular ones monopolizing 97% of the trade, 
leaving 38 brands distributed among only 7% of purchasers. This same 
survey showed that the market was being offered 1,675 kinds of toilet 
powder, 1,396 kinds of perfumes, 725 different toilet waters, and 600 
beauty creams. 

Manufacturers of farm macliinery formerly made 240 varieties of 
drills and seeders; today they make less than 40. They used to make 
209 varieties of the ordinary plow; now they make 30. Today 227 farm 
implements are doing the work for which a few years ago 2,135 were 
provided. 

Loss and waste incident to needless diversification, while affecting 
producers and distributors directly, is also an indirect tax of real conse¬ 
quence upon the consumer. The total economic loss has doubtless equaled 
a billion dollars annually. 

Industry is dependent, as never before, upon the working population 
for a market; and to increase consumption, purchasing power must like¬ 
wise be increased. Successful efforts to lower selling prices, decrease 
costs, raise wages, and pay dividends have caused a mild revolution in 
industrial management. In these efforts simplification has proved its 
worth as a corrective and reconstructive measure, aiding in stabilizing 
industry on a new and sound basis. 

Manufacturing Advantages of Simplification. —Diversification of 
product, or a variety of sizes and styles of a single line, results in small- 
scale production even though carried on in a comparatively large plant. 
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Production control and managerial supervision are more complex than 
in a small plant given over to one product, while machine set-ups and 
reset-ups with consequent delays and idle time are an added cost. Fur¬ 
ther, working arrangements obviously cannot be suited exactly to any 
one product. In other words, a plant that makes one product, and that 
product in a single size, model, or grade offers the ideal manufacturing 
situation from the standpoint of costs. And it is surprising how many 
such plants spring into existence, producing, among other things, ammu¬ 
nition, knives, one grade and kind of shoes, babies’ underwear, men’s 
athletic underwear, one kind of medicine in a single-sized bottle, one size 
and model of gas engine, face brick, paving brick, and cement. 

The gains which accrue from simplification may be summarized as 
follows: ^ 

Gains to Manufacturers Are: 

1. Less Capital Tied up in 

(a) Raw' materials. 

(b) Semi-finished stock. 

(c) Finished stock. 

(d) Jigs, dies, templates, and special machinery. 

2. More Economical Manufacture through 

(a) Larger units of production; reduced number of manufacturing 

units. 

(b) Longer runs, less frequent changes of machine set-ups, etc. 

(c) Higher rates of individual production. 

(d) Accurate and proper estimating for production. 

(e) More effective stock control. 

(f) Better and more simplified inspection. 

(g) Less idle equipment; reduced amount of equipment. 

(h) Greater ease in securing raw materials, and conserving raw 

products. 

(i) Less expensive handling of stock. 

(j) Reduced clerical overhead per unit produced. 

(k) Simplified and more accurate cost accounting. 

(l) Elimination of waste in experimentation and design. 

(m) Standardization of material inventories. 

3. More Efficient Labor Due to 

(a) Simplified training of employees. 

(b) Better earnings, through increased individual production made 

possible by longer runs. 

(c) Skill increased by repetitive process. 

(d) Less labor idle from preventable causes. 

(e) More regularized permanent employment. 

^ Cost and Production Handbook, Sec. 6, pp. 312-31.k 
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4. Better Service to the Trade in 

(a) Better quality of product. 

(b) More prompt delivery. 

(c) Decreased quantity of sizes of packing required. 

(d) Less chance of errors in shipment. 

(e) Less obsolete material. 

5. Simplified Selling. 

6. Increased Rate of Turnover. 

7. Easier Financing. 

8. Fewer Factory Shut-Downs. 

9. Compels Attention to Individuality in those features where it is desir¬ 

able, by preventing attempts at individuality in those features where 
it is superficial and useless, and where standardization should pre¬ 
vail. 

(iAiNs TO Distributors Are: 

1. Increased Rate of Turnover Due to 

(a) Elimination of slow-moving stock. 

(b) Staple line, easy to buy, quick to sell. 

(c) Simplified selling. 

(d) Greater concentration of sales on few items. 

(e) Standard patterns that are proven best sellers. 

2. Decreased Capital Investment in 

(a) Stock on hand. 

(b) Repair parts on hand. 

(c) Storage space required. 

3. Less Stock Depreciation and Obsolescence. 

4. Decreased 

(a) Handling charges. 

(b) Clerical and accounting work. 

(c) Selling expense. 

(i.MNs TO Consumers Are: 

1. Better Quality of Product through ability of manufacturer to concen¬ 

trate on better design and reduce manufacturing cost. 

2. Better Service on 

(a) Complete products. 

(b) Repair parts. 

(c) Prompt deliveries. 

Programs of Product Simplification. —The Division of Simplified 
Practice of the Department of Commerce was created to provide govern¬ 
mental assistance and cooperation to groups interested in simplification 
programs. It serves as a centralizing agency assisting manufacturers, 
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distributors, and users to cooperate in developing the best practice, and 
in making programs effective within the industry and with the public. 

The nature and value of its work may be estimated from the following 
partial record of simplification programs which have been adopted: 

Reduction 



in Varieties 

Per Cent 


From 

To 

Reduction 

1. Vitrified paving brick. 

66 

6 

91 

2. Beds, springs, and mattresses. 

78 

4 

95 

3 . Metal lath . 

125 

29 

76 

4. Asphalt (penetrations) . 

102 

10 

90 

5. Hotel chinaware . 

700 

279 

60 

6. One-pound folding boxes for coffee... 

100 

2 

98 

7. Rough and smooth face brick. 

75 

2 

97 

Common brick . 

44 

1 

98 

8. Grinding wheels . 

715,200 

254,400 

64 

9. "Woven wire fencing . 

552 

62 

89 

Woven wire fence packages. 

2,072 

117 

93 

10. Milk bottles . 

49 

4 

92 

11. Bed blankets (sizes). 

78 

12 

85 

12. Hollow building tile . 

36 

20 

44 

13. Structural slates for plumbing and sani¬ 




tary purposes . 

Average reduction 

84 

14. Roofing slates — descriptive terms, 




thicknesses and sizes . 

98 

49 

50 

15. Blackboard slates — slab heights and 




sizes . 

251 

52 

79 

16. Lumber (first revision) . 

Standard nomenclature grades and 


sizes 

for soft-wood lumber 

17. Forged tools . 

665 

431 

35 

18. Paint and varnish brushes. 

480 

143 

70 

19. Asbestos paper—sizes, widths, weights 




of rolls . 

72 

25 

63 

Asbestos mill board—sizes, thicknesses 

21 

4 

81 

20. Bank checks, notes, drafts, etc. 

Thousands 

One size for each 


Instrument 


More than 300 consumer organizations have accepted simplified prac¬ 
tice recommendations as agreed upon. Adherence to 11 such recommen¬ 
dations in one year ranged from 64% to 99%—an average of 85%—and 
shows that the American consumer is awake to the advantages accruing 
to him. Over 250 national organizations are cooperating with the De¬ 
partment of Commerce in furthering the movement. 

Manufacturers may logically undertake investigation through the 
medium of a trade association secretary or other capable individual, who, 
authorized by the Secretary of Commerce, collects the necessary data 
and information needed for action. 

Independent of national or trade programs, or as a part of the effort 
to make such programs effective, individual concerns may make progress 
























Ch. 17 ] STANDARDIZATION AND SIMPLIFICATION 287 

ill several ways; i.e., ( 1 ) by reduction in styles, models, or sizes of 
articles made; (2) by standardization of parts; and (3) by intelligent 
limitation in adding new style or novelty items. 

A bicycle manufacturer offering machines in three grades, with many 
choices in color and decoration, found it cheaper to make all in one 
design of the best quality. Color schemes were also reduced. Dealers at 
first objected, but they became enthusiastic when they were convinced 
that what really counts is the essential makeup and quality inside the 
product, rather than distinctions which have no reason except to be 
different. Quality is, in the end, a much better sales argument both for 
the manufacturer and for the dealer. Prospective customers then con¬ 
centrate on the essential sales point of the article, its operating quality, 
and interior mechanical excellence. 

With style goods, such as clocks, the number of designs may be lim¬ 
ited. To continue the production of old automobile models would be 
ridiculous, yet the evolution in many other lines is as rapid. The best 
sellers usually are included within a narrow range of a company's line. 
When up-to-date designs are added in response to sales department pleas, 
out-of-date ones may logically be discontinued. This practice avoids 
cluttering catalogues with obsolete items, the stocking of disused pat¬ 
terns, the unnecessary maintenance of stores and finished stocks with 
consequent cumulative investment costs, and added production, man¬ 
agerial, and sales expense. Even style goods may be simplified by uni¬ 
formity with regard to fabrics, qualities, and the unseen parts. Diversity 
is secured in upholstered furniture by simply varying the selection of 
upholstering material used. 

Diversification.—Although there are many manufacturing and dis¬ 
tributive economies to be gained from simplification, there are times 
when it is more profitable for a company to follow the opposite policy 
and diversify. Diversification consists in adding new products and in 
providing for variations in commodities to meet customer demands. It 
is mostly a sales rather than manufacturing problem, but it is sometimes 
connected with research. When the sales for a company's product fall 
off, as in an economic depression, idle equipment may be put to use 
producing new types of goods for which sales can be found. When eco¬ 
nomic conditions again allow it, the policy of simplification will be 
resumed. Over a long period simplification has been found to be the 
most profitable policy to pursue, but there are times when a manufac¬ 
turer is driven from that position on account of necessity. Some very 
large companies are powerful enough to diversify by establishing new 
plants to take advantage of the work of their research departments. 



288 INDUSTRIAL MANAGEMENT [Ch. 17 

Cellophane, Nylon, and Neoprene are examples of this in the Du Pont 
organization. Each new product is at the same time highly simplified in 
its own manufacturing establishment. 

Aims of Diversification.—Companies which see fit to diversify their 
lines probably have in mind one or several of the following objectives: “ 

1. To use excess plant capacity. 

2. To employ present equipment more fully. 

3. To eliminate seasonal humps. 

4. To j^uard against dependence on one industry. 

5. To keep distributors busy the year round. 

6. To g:ct in on the ground floor of a new industry. 

7. To supplement a product which has a permanently declining or 

circumscribed market. 

8. To make and sell a product first designed for a company’s own use. 

9. To increase consumption of a basic material in new forms. 

10. To make new products requiring much the same manufacturing 

processes as the old products. 

11. To secure larger share of business in same general market. 

12. To increase sales of an old product by entering new price field. 

13. To widen consumer channels for the same ])roduct. 

14. To utilize by-])roducts. 

15. To stabilize a business by avoiding dependence on any one of half 

a dozen products. 

16. To secure increased volume, thus cutting overhead and increasing 

earnings. 

Types of Diversification.—Diversification embraces four general 
types as follows : 

1. Where new products unrelated to old products are added. 

2. Where new products related to old products arc added. 

3. Where old products arc introduced into a new price field. 

4. Where the market for an old product is broadened to protect the 

manufacturer against reliance on customers in one industry. 

A company making oil burners added electric refrigerators, thereby 
keeping its sales agencies and plant uniformly busy. Sales were made to 
the same consumer group, and the same plant facilities, equipment, and 
skilled workers were utilized effectively in making the new product. 
Another manufacturer in the farm equipment field added trucks which 

* “The Profits of Diversification," a special report to executives issued by Business 
Week. 

3 Ibid. 
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it sold to both farm buyers and industrial users; thus creating a broader, 
more stable market. The Caterpillar Tractor Corppany found an indus¬ 
trial market for its Diesel power units. 

The success of the Packard Motor Company in extending its line of 
cars into the lower price ranges enabled it to strengthen its market posi¬ 
tion, increasing sales and decreasing overhead. 

The Koppers Company, Pittsburgh, has carried its diversification 
efforts through an unusual range. The company started with the build¬ 
ing of coke ovens which produce five basic products—coke, gas, tar, 
])enzol i)roducts, and chemicals. “Today the company designs, builds, 
])roduces, manufactures, distributes, and operates in many fields. Such 
diversification protects the company from the dangerous limitations which 
one market presents. It provides essential commodities whose particular 
markets are never wholly inactive. It provides the fullest employment of 
engineering and technical knowledge. . . . Major buyers from one 
Koppers producing unit have need for at least another, and often many 
of the products of other divisions.” 

In a depression period industrialists not only seek new products, but 
endeavor to stimulate demand by style changes and catering to individual 
preferences. Automol)iles and kitchen stoves illustrate this latter trend. 
Fortunately, the advance in manufacturing techniques has enabled pro¬ 
ducers to offer more attractive products in greater variety at less cost, 
making this idea feasil)le. 

Simplification and Standardization.—Simplification is the logic of 
mass production; standardization is the basis for putting this logic into 
practice. Without the application of standards throughout the industrial 
organization simplification is impossible, and the desire to simplify 
remains merely a good intention. First, standards are the source of 
knowledge concerning procedure. Without an analysis of a process it is 
impossible to set up a standard, thus, setting up standards provides an 
impetus for better organization. This applies not only to the manufactur¬ 
ing line but also to costs, records, purchases, and every other department 
of the plant. Once the standards are set up they are easily accessible, 
and may be changed whenever the dictates of good management demand 
it. The effort to simplify involves setting up standards, which are 
“. . . simply a carefully thought out method of performing a function, 
or a carefully drawn specification covering an implement or some article, 
of stores, or of a product. . . . The standard method of doing anything 

* “How Product Diversification Stabilizes Business,” by C. J. Ramsburg, Executives 
Service Bulletin, Vol. 16, No. 9, Policyholders Service Bureau, Metropolitan Life Insur¬ 
ance Company. 
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is simply the best method that can be devised at the time the standard is 
drawn/’ ^ 

Hence standardization necessitates the establishment of some definite 
model, procedure, or specification to which future products or practices 
will conform. Simplification, being the elimination of useless or uneco¬ 
nomical variety, supplements standardization by making the idea eflFec- 
tive over a period of time when diversification is prone to occur. Thus, 
it makes work easier for all concerned. 

Simplification leads directly to specialization, and specialization of 
effort necessitates conformance to a predetermined plan. Without fixed 
procedures, policies, and minute conformance to established detail, execu¬ 
tives would lack any basis for effective management, unification of con¬ 
trol, and uniformity of outputs that now exist in modern industry. 
Procedures could not be formulated, scheduling would be ineffective, and 
costs would be uncertain and greater. 

The general application of standards in industry is necessary in order 
to transfer the skill of the expert to the inexpert. It greatly increases the 
productivity of the average worker. With increased individual outputs 
workers may enjoy more of life’s opportunities, and the demands of an 
advancing civilization may be better satisfied. 

The Origins of Standards Committees.—Standardization work 
started with individual firms, spread to industries, and is now securing 
organized national and international attention. The American Engineer¬ 
ing Standards Committee, known as the A. E. S. C., was organized in 
1917 to ‘‘formulate methods of cooperation between the various groups 
interested, to prevent duplication in standardization work and conflicting 
standards.” Affiliated with the A. E. S. C. are more than 150 trade 
associations, and through this channel the individual firm is linked wdth 
trade and national practice. 

The development of standards started as a more or less incidental 
part of the manufacturing department’s activities. More recently its 
recognized and increasing importance has resulted in the creation of a 
separate division or department within the plant, with responsibility only 
to the head of the engineering department or works manager. Those 
engaged in the work must possess the requisite authority to overcome 
mental inertia and obsolete practice wherever found. The staff personnel 
should be qualified by technical training and operating experience, and 
should know the demands which will be made upon the products in use. 

® “Academic and Industrial Efficiency,” by Morris L. Cooke, Bulletin of the Carnegie 
Foundation for the Advancement of Teaching, No. 5, p. 6. 
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Policy may suggest creating a standards committee composed of 
representatives from the major departments, such as sales, manufac¬ 
turing, purchasing, and engineering along with the head of the standards 
department. Its function would be to pass on the standards proposed, 
and to exercise influence in furthering the standards idea throughout the 
organization by educational work, a step made necessary by the inevitable 
opposition which arises when changes are proposed. 

An Example of a Standards Committee.® —The National Cash 
Register Company developed the following plan for analyzing and 
checking proposed improvements in its product. A committee in the 
engineering division passes on all contemplated changes in the estab¬ 
lished line of machines and every proposed addition to it. Another 
general committee examines the changes after they have been incorpo¬ 
rated in complete machine units or models. This latter committee is com¬ 
posed of five sub-committees, as follows: 

1 . The functional committee, made up of representatives from the 

sales department, passes on each new or changed mechanism 
to ascertain if it meets the requirements of that particular 
department. 

2. The manufacturing committee considers the mechanism princi¬ 

pally from a tooling and production standpoint. The work of 
this group results in changes in design, which often means the 
saving of hundreds of dollars in tools, in processing, and in 
producing the finished product. 

3. The assembly committee considers the mechanism from a func¬ 

tional viewpoint and studies means for limiting assembly costs. 

4. The inspection and research committee analyzes the mechanism 

from a functional, operating, and durability standpoint. 

5. The sales-service committee, consisting of trained service men, 

studies the mechanism from a customer and service point of 
view. 

Representatives from the engineering committee . attend all sub¬ 
committee \Tieetings. The research and engineering divisions formulate 
specifications for materials to use in the various parts. 

Standards Applied to Management. —Standards pertaining to the 
general management of the business include those dealing with finances, 
costs, procedures, and records. Financial standards frequently take the 

o “Prevention of Waste and Reclamation of Materials,” by J. Q. Salisbury, Meehan^ 
teal Engineering, Vol. 57, No. 9, p. 563. 
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form of ratios, and show the relationships which exist between various 
aspects of the business. The ratio of current assets to current liabilities 
is always important. The chief executive will also wish to be informed 
with regard to cash on hand, quick receivables, net income, funded debt, 
the relation existing between sales and inventories, and the like. Other 
financial relationships are given in Table 17, page 468. The data in 
Tables 17 and 18 are also effective in cost control. Cost comparisons are 
desirable in connection with advertising, sales, general management, 
materials, labor, factory overhead, and other expenses. 

Standards of procedure are prepared to cover those activities which 
are participated in by more than one department, and indicate just what 
each is to do, when, and how. They serve as a guide to and a check upon 
performance which unifies the activity as a whole. Purchasing routines, 
material control procedure, and the handling of orders would be examples. 
Performance standards should be determined for this work. Similar 
standards may be established for individual tasks within the departments 
and divisions. 


Standards Applied to Manufacturing.—The simplification of a line 
of products results in a concentration upon specific items, which become 
the standard products of the company concerned. In this connection the 
term implies uniformity in a limited variety of sales items produced in 
relatively large volumes, items carefully selected and designed to offer 
maximum serviceability and usefulness. 

Early in American industry efforts to specialize labor suggested the 
desirability of producing element parts after a master piece or standard, 
and each of them precisely like all others of its kind. This permitted 
interchangeability, facilitated production, and offered many advantages 
to the user. As the relative importance of design, quality, finish, and 
selection of materials increases, more careful determinations of the 
accepted standards in these particulars follow. In every industrial plant 
opportunity for application of standards is almost infinite. A program 
may well include some or all of the following phases: 


1. Nomenclature 

2. Materials 

3. Processes 

4. Equipment 

5. Tools 


6 . Designs 

7. Element parts 

8 . Sub-assembly units 

9. Standard methods 

and practice 


Nomenclature.—Confusion is occasioned by indefiniteness of descrip¬ 
tions and contradictory terms used in naming objects. The language of 
industry should be standard and universally known and used. 
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Materials. —The standardization of materials usually follows a tech¬ 
nical investigation of the company’s products in use, and of the various 
materials as to kinds, sizes, and grades purchased. Usually changes will, 
be found possible which will permit reduction in varieties stocked, and at 
the same time improve the product or lessen its cost. Buying specifica¬ 
tions for the guidance of the purchasing department may then be prepared 
to afford effective control. 

Standard materials are of advantage to the manufacturing department 
for the following reasons. Greater uniformity in purchased materials 
under carefully drawn specifications makes possible greater refinement 
in technical designing and better utilization of the material. Workmen 
will thereby achieve more uniform and better results in both manual and 
machine operations. Waste and spoilage will decrease, the effectiveness 
of machines be increased, and the average quality of the output raised. 
Necessary production times will show less variation, a most important 
factor because of its effect on employee earnings and plant morale. 

The ultimate user of the commodity will get uniformity in his pur¬ 
chases, and find that advertisements and selling appeals prove depend¬ 
able. Because of this the dealer will find sales easier, fewer adjustments 
to make with disgruntled customers, and collections more prompt. This 
favorable situation will be reflected to the manufacturer in easier collec¬ 
tions, and increased sales will be obtained at less cost. 

The General Motors Corporation lists over 19,000 specifications of 
materials and vSupply items. That these are not needlessly arbitrary 
is suggested by the following excerpt from a specification of factory 
gloves: 

The gloves purchased on this specification need not meet the specifica¬ 
tion in every little detail, but in a general way must conform to the descrip¬ 
tion. The specification was not written with the purpose in mind of having 
manufacturers fabricate small lots of gloves peculiar to this specification. 
A standardized commercial glove now in production is desired and all gloves 
will be purchased from samples submitted. Extra consideration will be 
given to manufacturers whose gloves most nearly approximate the impor¬ 
tant points in construction. 

Processes. —The choice of processes is influenced by the investment 
necessary to install equipment. A new process, though economically 
desirable from an operation standpoint, may not be justifiable consider¬ 
ing capital cost involved in scrapping old equipment and acquiring new. 
Other considerations are the likelihood of obsolescence of the new 
process, and the anticipated volume of future orders. 
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Equipment. —Machinery and equipment offered to the manufacturer 
are of two kinds: (1) general purpose machines, and (2) special purpose 
machines. The former are produced on a quantity basis, usually by 
several competing firms, and are suitable for a comparatively wide range 



(Courtesy of Automobile Manufacturers Assn.) 


Figure 92. These Giant Machines, Built Expressly for Drilling Engine Blocks of 
a Single Design, Are Essential to Speed and Accuracy of Production 

of similar work. Special purpose machinery is equipment limited to a 
narrow field of usefulness, as for a single operation. For example, 
machinery for shoe plants, because of its extensive use, may be produced 
on a standardized basis. The same is true of much machine-shop equip¬ 
ment, and various kinds of textile machinery. 




Ch. 17 ] STANDARDIZATION AND SIMPLIFICATION 295 

Special purpose machines are economical in operation. If they are 
made and sold in sufficient numbers to justify quantity production, their 
cost is comparable with general purpose equipment similarly produced. 
A high degree of specialization in manufacture favors the use of single 
purpose equipment. Special machines wdiich are produced singly or a 
few at a time according to individual specifications cost much more to 
build, and repair cost is greater. Objections to the utilization of such 
equipment are the possibility of faulty operation, and lack of clearly 
defined or real needs. Yet real needs of this kind adequately cared for 
by special equipment yield a distinct saving, and may give the fortunate 
firm a distinct monopoly advantage. Figure 92 shows a special purpose 
machine used in the mass production of automobiles. 

A jobbing or customer-order business suggests fewer repetitive opera¬ 
tions, but greater variety. In these shops, general purpose machines 
adaptable to a range of similar operations naturally prove economical in 
investment cost to a degree not usually offset by the cost of changing 
set-ups and less economical performance. When it is possible to keep 
special machines busy continually they should be added. 

Repair, maintenance, and idle-time costs are favorable to the general 
purpose machine, as well as the hazard of investment loss due to changing 
production demands. Resale values are also higher. 

In order to standardize his shop a factory manager may make minor 
changes and machine adjustments which will bring them into line with 
others from the operating standpoint. For example, a superintendent of 
manufacturing states: 

Jf the machines of any one class have different feeds and speeds, it 
becomes necessary to route work to a particular machine. This may result 
in a congestion of work at one or two machines while others are standing 
idle. If the latter are utilized they will necessarily have to work at a lower 
rate of output than the job analysis calls for, with a consequent failure to 
meet the schedule. On the other hand, when all machines of a class are of 
the same capacity, the work may be routed to the group, and put in the first 
one of the group that finishes the job it is working on. This immeasurably 
simplifies the routing, and makes the dispatching of work in the shop much 
more rapid. 

Tools.—Not only must actual cutting or operating tools be consid¬ 
ered, but such accessories as jigs, fixtures, wrenches, blocks, bolts, etc. 
It is now often customary to provide the workman with a set of the 
tools which he needs in connection with a particular operation, and to 
indicate by means of an instruction card the purpose and sequence of 
their use. This information is supplied by job standardization work in 
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connection with time and motion studies. The difference between this 
method and giving the workman a job to do and letting him choose his 
own tools and accessories from a general supply may be several hundred 
per cent in output. High machine-hour charges and high man-hour rates 
influence the achieving of minimum times in machine set-ups, which may 
amount to an appreciable percentage of actual operation time. The right 
size blocks, bolts with proper washers and length of threads, wrenches 
adjusted to fit, all in proper quantity and condition, make “clock-w^ork” 
preparation a matter of established routine as to motions and time. 

Metal cutting tools vary greatly in effectiveness depending upon 
quality of steel, shape of cutting edge, coolant used, tempering, and 
condition of the tool at time of use. The workman cannot possess the 
requisite technical knowledge to make proper tool selections, and may 
have erroneous, prejudiced ideas which are expensive to the manage¬ 
ment. His ideas of effective shapes, speeds, and feeds are necessarily 
superficial. Management must evolve tool standards by engineering 
research and investigation. Simplification plays an important part of 
tool standardization w'ork, thus reducing inventories and investment cost. 
Five kinds of pliers were found to suffice in one shop where forty kinds 
were kept in stock. 

Designs.—Standardization of product design involves a study of the 
style factor as analyzed in discussing simplification. In machinery lines 
a balance is to be maintained between mechanical characteristics that are 
desired, cost of production, and sales demand. Questions to be con¬ 
sidered are sizes, degree of refinement in shop practice, allowable work¬ 
ing stresses, factors of safety, and general appearance and finish. 

Element Parts.—E. A. Johnson and O. B. Zimmerman, writing in 
Agricultural Engineering, say: 

There exists in every machine produced, certain simple elements which 
repeat themselves in function in other machines, and which may have either 
shape or size which will be peculiar to that industry. We have, for example, 
gears, axles, keys, chain, belts, etc. By a systematic study of the require¬ 
ments of each of these elements, and the establishment of a minimum 
number of graded sizes, making them uniform throughout the company’s 
production, we may establish much in the way of standardization. ... In 
the majority of cases thorough analysis will permit the establishment of 
basic design features, relations and proportions which can be adopted as 
company standards.*^ 

“Inter-Company Standardization and Its Relation to General Standardization,” by 
E. A. Johnson and O. B. Zimmerman, Agricultural Engineering, Vol. 4. No, 12. p. 187. 
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The tendency toward unnecessary variation is appreciated by consid¬ 
ering examples of the elements encountered and the differences in type 
and design possible. • 

Table 9. Examples of Elements ® 


Bearings .Plain, bushed, roller, tall, thrust, removable 

Bolts .Machine, carriage, plow, special 

Chains .Malleable, steel, link, roller, silent 

Gears .Spur, bevel, spiral, worm, skew 

Hubs .Malleable, steel, cast, tube 

Keys.Square, gib, feather, taper, Woodrull 

Levers .Hand, foot, lifting 

Nuts .Special, lock, plain 

Pulleys .Plain, crowned, flanged, grooved, lagged 

Screw threads .Coarse thread, fine thread, square, special 

Spokes .Round, oval, flat 

Springs .Tension, compression, torsion, special 

Washers .Lock, plain 

Wrenches .Socket, open, monkey 


What has been accomplished with respect to one element—coiled wire 
springs of the round-wire, tension, and compression types—illustrates 
what can be done with hundreds of others.® This standardization takes 
effect on more than 3,500 tons of springs used yearly. 

1 . Establishment of definitions of terms peculiar to that product. 

2. Specification of material used to cover steel wire. 

3. Reduction of wire gauges used from 6 to 1. 

4. Reduction in wire sizes from 51 to 31. 

5. Concentration of spring manufacture in one works. 

6 . Establishment and unification of heat treatments. 

7. Reduction in design methods from 7 to 1. 

8 . Development of design tables, covering strength, load and coil 

diameters, with safe ratios to use for avoiding material waste. 

9. Establishment of standard spring ends, thus reducing breakage. 

10. Establishment of fatigue values to accord with spring operation. 

- 11. Establishment of standard drawings of springs at all works. 

12. Reduction in number of springs from over 800 is under way, 
and the establishment of a series of preferred numbers has 
begun. 

Standardization effort through simplification and perfection of ele¬ 
ments tends to better quality and increase serviceability, by “placing in 


® Ibid. 
^Ihid. 
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the user's possession materials, designs, elements, units and complete 
machines which will be examples of first-class engineering, when viewed 
from the several economic standpoints surrounding that product.” 
Variations in details of construction, use of materials, and designs usually 
denote a lack of foresight and intelligence, rather than the contrary. In 
the great majority of cases likeness of parts is distinctly desirable, from 
the point of view of manufacturing economies, distribution problems, and 
convenience in use, as facilitating interchange of parts with other ma¬ 
chines and obtaining repairs and replacements. Differences from stand¬ 
ards should be permissible only when some gain is effected. Through 
trade associations and the A. E. S. C. the standards may be those com¬ 
mon to the industry or those accepted universally may be adopted for the 
company. Users will more and more find it possible to interchange 
elements among different sizes, makes, and kinds of equipment. 

Sub-assembly Units. —Some products cannot be finished completely 
for stock because of slight differences called for by customer orders. 
Many items in upholstered furniture are completed except for finish 
upholstery. Elevator manufacture involves slight differences in mechan¬ 
ical and electric equipment to suit varying specifications. Machine manu¬ 
facturers offer options in choice of designs. To expedite deliveries and 
enable the factory to keep going in dull times these units may be stand¬ 
ardized to a very great extent. For assembly units such as transmis¬ 
sions, carburetors, wheels, lamps, starting equipment, safety devices, 
automatic signal systems, the same design may be used for different 
installations and uses. For example, an electric signal system for elevator 
control may be essentially the same in each case, though the elevator 
designs differ. Unit assemblies may also be made of control mechanism, 
structural parts, safety equipment, and motors. Companies manufactur¬ 
ing trucks and tractors of several capacities find some assembly units 
interchangeable, as the same engine unit for car and truck. 

Standards of Accuracy.^^ —Interchangeable parts need to be made 
to accurate dimensions if they are to fit together and work effectively 
when assembled. The steadiest surgical hand is able to work within the 
accuracy of one fiftieth of an inch. In eye surgery this measure of 
accuracy has been increased by the use of an instrument to one 250th of 
an inch. In the making of a Ford car there are thousands of measure¬ 
ments of this accuracy: 700 measurements accurate to within one 1,000th 
of an inch ; more than 200 measurements accurate to within five 10,000ths 

From a pamphlet “Final Assembly.” bv W. J. Cameron, of the Ford Motor 
Company. 
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of an inch; and fourteen measurements accurate to within one 10,000th 
of an inch. To achieve this accuracy precision gauges are used measuring 
to the 10,000th of an inch, which in turn are checked by Johansson master 
gauges measuring to the 1,000,000th of an inch to keep them precise. 

This science of precision is extended similarly to all types and kinds 
of manufacture. It contributes to low production costs, less waste, quiet 
operation of machine products, and longer wear in use. 

Standards Applied to Jobs. —The standard way evolved for per¬ 
formance should be the best way under prevailing conditions. Men 
trained uniformly in standard practice are, therefore, most effective; 
and the existence of standards makes easier the adequate training of new 
employees and their transfer from place to place. They provide a means 
for the transfer of skill from the expert to the inexpert. With an 
accepted method of performance in effect, comparisons may be made and 
accomplishment in economy and efficiency measured and encouraged. 
Day by day savings may be small and yet over a long period they may 
amount to enough to justify detail study which would not be warranted 
when the methods of performance vary from time to time. Instruction 
cards, as illustrated by Figure 123, page 414, provide records of standard 
methods evolved. 

Corporations operating in different localities, and employing thou ¬ 
sands of workmen, even in different countries, benefit greatly by the wide 
application of standard practice in its effect on cost, executive control, 
and grade of accomplishment. Thus, time studies taken in Chicago are 
used effectively in over a score of branch plants in America and abroad. 
Telephone companies know that water has the same characteristics 
wherever found; lightning is destructive everywhere; a cable-splicing 
job should be handled the same w^ay in every case; and No. 8 wire will 
carry the same amount of current in every locality. Standards in these 
matters provide a medium for effective control, simplify administration, 
and eliminate waste due to erroneous and varying ideas of what is best. 
They serve as a vehicle for the executive will, assure the best results 
obtainable, and permit the centralization of responsibility and authority 
in a way not otherwise possible. A telephone company found that the 
number of troubles causing service impairments in a group of line and 
cut-off relays where relay adjustments had been made on the basis of the 
current flow method, were but one-third of those in a similar group of 
relays adjusted by another method. 

Standard Practice Instructions. —Organization manuals outline re¬ 
sponsibilities and duties of departments, divisions, sections, and individ- 
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uals. In well-established organizations executives find it desirable to 
have management practice and procedure formulated and embodied in 
standard practice instructions. In these ways the work of subordinate 
executives and individuals is clearly outlined, responsibility and authority 
clearly depicted, the scope of duties indicated, and the manner of per¬ 
formance outlined. Standard practice instructions may also be issued 
from time to time in bulletin or letter form, applying to personnel, prod¬ 
uct, policies, or methods and procedures. 

In larger organizations standard practice manuals supplement organi¬ 
zation charts and manuals. In smaller ones standard practice instruc¬ 
tions may picture the structure of the organization and outline the 
responsibilities of individuals. They aid management in establishing a 
known and dependable managerial practice and effective control. As 
they are most often kept in loose-leaf form, revisions and additions are 
readily made. Mimeograph copies may be issued or they may be printed. 
Standard practice instructions provide a welcome reference source when 
new or unfamiliar tasks are to be performed. 

The advantages of this formal method of administration are several. 
(1) It implies deliberation and forethought in planning; (2) instruc¬ 
tions so issued are less subject to debate or question, and hence may be 
complied with more readily and completely; (3) misunderstandings, and 
especially alibis for this alleged reason are fewer; (4) responsibility is 
fixed; (S) an effective medium is provided for effecting changes and 
betterments as need arises; (6) lines of authority are clear cut and 
definite; (7) the organization as a whole is kept apprised of changes and 
progress; (8) less supervision is required and the time needed to give 
verbal instructions is saved. 

When the method is not a success, the reasons for failure may usually 
be ascribed to fairly definite causes. Poor organization and faulty or 
hasty procedure may necessitate issuing too many and conflicting instruc¬ 
tions, or the instructions given may have proved unreliable and ineffec¬ 
tive in operation, or their authority may be questionable. They should 
be prepared and issued by some centralized agency such as the comp¬ 
troller’s department, and signed by him and the general manager or a 
vice president. 

Figure 93 shows an example of standard practice instructions per¬ 
taining to responsibilities of a factory manager. 

There is nothing more stifling to initiative and individual effort than 
uncertainty as to the responsibility or authority which a position carries 
with it. Efforts to do constructive work should not generate unhealthy 
rivalries or friction among co-workers, which an absence of clearly 
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FORSYTH FURNITURE CO. No.G s 

Charlotte, N. C. .i 

ErrECTiVE.... 

STANDARD PRACTICE INSTRUCTIONS 

Subject: RESPONSIBILITIES OF FACTORY MANAGER 


Factory Manager 

Responsible to the General Manager for 

1. Direction, supervision and co-ordination of all departments of the Manufacturing 
Division of the business, as shown on Organization chart. 

2. The determination and administration of all policies governing the Manufacturing 
Division. 

3. The proper and economical execution of all manufacturing programs and shipping 
orders. 

4. The proper care, and maintenance of, and accounting for. all of the Company’s 
proi^rty which is assi^ed to the Manufacturing Division. 

5. Lssuing purchase requisitions on Purchasing Department for all materials, supplies, 
machinery, equipment, etc., required for the execution of manufacturing programs 
and shipping orders, and for upkeep of the property assigned to the Manufacturing 
Division. 

6. Planning the methods of manufacture, the introduction of all special tools, machines, 
and methods which will improve the quality of the product or reduce the cost of 
production in a profitable way. 

7. Issuing all Production Orders to cover work in the manufacturing departments, on 
all Manufacturing Programs and Shipping Orders. 

8. Planning and scheduling of work on Production Orders; the care and upkeep of the 
storeroom; the upkeep of stores records; also for records showing progress of the 
work on all Production Orders and readjusting schedules to conform to actual progress. 

9. Issuing of all Plant Orders covering necessary alterations to maintenance of all 
property which is assigned to the Manufacturing Division. 

10. All matters relating to Finished Stock and Traffic, including receiving, shipping, 
supervision and upkeep of trucks and teams, also for all clerical work connected 
with the records and follow-up of this work. 

11. The employment of all help and the determination of the wage schedules governing 
them. 

i;. Installing and maintaining all safety devices and for supervising medical attention 
and inspection of plant for all divisions of the company. 

13. Operation of the power plant, elevators, motors, and of all transmission machinery 
throughout the plant, and for their repair and upkeep, also for the supervision of 
all millwrighting, machine repairs, and electrical work. 

14. All repairs to buildings and their equipment, also for furnishing proper light, heat, 
water, ventilation, sewerage, and fire protection for the buildings. 

15. The inspection of all incoming materials, work in process of manufacture, and the 
finished product. 

Wm. R. Jones 

General Manager 


Figure 93 . Responsibilities of the Factory Manager 


defined boundaries of activity is sure to do. The danger is that the force 
of dynamic constructive personalities will be lost to a concern because of 
inability to function freely. Adherence to established routine and prac¬ 
tice on the part of all concerned is essential to smooth operation, and the 
lack of it is especially confusing in large organizations where personal 
contacts and understandings are not possible. Standard instructions take 
cognizance of all that influences the matter in question, and should repre¬ 
sent the decision of a master mind concerning it. If, when issued, they 
are often subjected to valid criticism, and amended, or are in conflict 
with instructions from other sources, their force and effect are diminished. 
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STANDARD PRACTICE INSTRUCTION 


iioN.piion)crra onns 


footory Qtnoiml 


wwtmNBv Oavacll 

APrmommy Ooiinlttoo 


0.11 fbo purpoM of tho Non-Produotivo Work Ordor it to outhoriso 
(oftor propor approval) a dopartaoat to do a particular and 
apoeifle non-produotlva job* 


0.21 This order la knoim as *Non-Productiva toxic Order* (oonnoDly 
callad N-Ordar), Fom 2B, and eoaalsta of 5 eopios, eonsaou- 
tlvaly nunbarad. Thaaa eonaaeutiva nuabara will ba tha order 
nuabara and are prefixed by "IT. Tha last, or #5 copy, la of 
Baallla paper. Tha copies are titled and oollatad In tha 
folloviB« order: 

#1 Copy - Coat Department 
§2 Copy - Issuing Dapartnant 
#3 Copy • Budget Department 
#4 Copy - Work Copy (follow-up) 

#5 Copy - Work Copy 

0.21 This fora was revised and'beeame effective July 5, 1036. Beg- 
1 stars containing these fonui are located in six departnents: 
Uaehina Shop, Composing, Press Room, Collating, Superintendent's 
Office and Slalntenance. 

0.3 USE OF 00PIE3 

0.31 #1 - Cost Department Copy - Uust ba sent to the Cost Dspartaent 
snd will be used by them to ascer¬ 
tain cost when Job is completed, ill 
job tickets and requisitions per¬ 
taining to "IT orders will be accumu¬ 
lated by then and filed by order nua- 
ber. 

0.32 #2 - Iseuiag Dept. OopT - To ba retalred by the department 
issuing tha order and will ba used 
by them as a follow-up copy. 


0.33 #3 - Budget Copy 


0.34 #4 - fork Copy (white) 


• Must ba sent to the Factory Budget 
office and is used by this department 
for control purposes. 

• Must go with the manilla copy to the 
department executing tho order and 
will ba used by that department head 
as a follow-up on the woxtmsn doing 
tha work. 



Figure 94. Standard Practice Instructions Pertaining to Non-Productive Orders 

(From "My Foremen Help Me Manage," by F. W. Stein, Factory Management and Mainte¬ 
nance, Vol. 98, No. 4, p. 42.) 



Gh. 17] STANDARDIZATION AND SIMPLIFICATION 303 

Difficulties arise in securing compliance with orders which are thus 
subject to question. Figure 94 furnishes an illustration of standard prac¬ 
tice instructions designating the approved procedure for the issuance 
of non-productive work orders. 

Standard practice instructions as used to facilitate and control man¬ 
agement procedure are different from the instruction cards issued to 
workers in connection with production operations. The latter list the 
sub-operations or elements in sequence which make up the job, list the 
equipment and tools used, and show the standard time for elements and 
the total job time. See Figure 123, page 414. 

Society and Standardization. —Objections have been made that the 
constantly increasing tendency toward standardization in industry tends 
to make morons of industrial w^orkers, hinders progress, makes the world 
a monotonous place in which to live, and takes away competitive advan¬ 
tages of individual firms. 

The most important complaint is with regard to its effect upon the 
worker. Unquestionably, specialization of labor is increased. Many 
workers perform but a single operation on a part, and in extreme in¬ 
stances this is limited to but a few motions. Skill continues to be trans¬ 
ferred to machines to an increasing extent. As a consequence are 
industrial workers degraded? Are initiative and inventive talents being 
stifled ? Will the conditions contribute toward a wider gap between 
employer and employee socially and in manner of living? 

With increasing standardization has come greater perfection of 
machinery. More and more the drudgery of the world is being per¬ 
formed by machinery. Workers previously capable of only common 
labor have been elevated into the ranks of the semi-skilled, as machine 
operators. An increasing number of highly skilled men are constantly 
required to make, repair, and in many cases to operate machine equip¬ 
ment. The operators of most machines are required to be workmen of 
ability, proficiency, alertness, and skill. The making of tools, dies, pat¬ 
terns, and the like calls for great skill and ingenuity. Many machines are 
costly and intricate, requiring great skill to operate. Virtues once of lesser 
importance in workplaces were responsibility and character; now they 
are often indispensable. Capable men frequently rise to a place in the 
ranks of management as supervisors, time study men, or in planning 
work. Industry finds it necessary to offer special inducements and pro¬ 
vide facilities for the training of skilled mechanics and technicians to meet 
its needs. 

A veil of romance has been thrown about the old-time craftsmen who 
labored twelve and sixteen hours a day. Some were truly great artisans! 
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but the lot of labor was not always a happy one in the days of the handi¬ 
craft shop; the majority of workers were limited to tasks affording little 
opportunity for creative w^orkmanship. Primitive labor is alw^ays hard 
labor, shortening life, dulling intellects. He who wields a shovel all day 
in the sun, mines coal, handles pig iron, or works logs into lumber, 
welcomes the help of machines, and finds new compensations of greater 
value tlian those lost. Master workmen in industry today achieve greater 
perfection and beauty of product wdth no less exercise of brain and skill 
than the old time craftsman. The industrial worker today who com¬ 
plains of lack of opportunity to exercise skill and initiative, usually lacks 
these qualities, for specialization makes for expertness and the thorough 
understanding of tasks w hich leads to improvements. 

Critics forget the 8-hour day wdth a 40-hour w^ork week w’hich so 
many enjoy, the higher standards of living w^hich prevail, the increased 
opportunities for education and recreation, all are a consequence in large 
measure of the standardization they decry. They forget also the differ¬ 
ences in mental capacities, abilities, and aspirations of men, as w’ell as tlie 
fact that many occupations are little influenced by standardization w'ork. 

As previously pointed out, standards do operate to prevent change 
unless of proved advantage. Railroads, originally of various gauges, w^ere 
at a decided disadvantage in making other than local shipments. Stand¬ 
ardization immeasural)ly facilitated commerce. Probably today a wdder 
gauge w^ould be more economical, but the tremendous investment in 
tracks, cars, l)ridges, tunnels, and locomotives hinders the change. 
Fabric autoinol)ile tire standards did not prevent the ado|)tion of cord 
tires, nor tlie later acceptance of the low^ pressure type. Constantly 
increasing standardization practice among automobile builders is improv¬ 
ing cars and reducing their price. Tlie early acceptance of standard 
shapes and w'eights of steel sections has not hindered progress in the 
building industry. Standardization is the life of the electrical industry, 
although progress is constant. 

Standardization does not necessarily mean monotony. People are of 
a standard type, yet though they are es.sentially alike, each person is 
different. Hats, clothing, furniture, and automobiles are no less inter¬ 
esting because of the application of standards. Much standardization 
work, indeed, has no effect upon appearance. 

That standards take from firms competitive advantages has some basis 
for argument. Unlike machines must be supplied wdth repair parts. 
Monopoly advantage or distinctive service brings orders. However, no 
one will contend that the adoption of a standard lamp base in lieu of the 
180 different bases has not greatly increased the use of electric lamps. 
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Each railway moves much more freight over standard gauge tracks than 
it would otherwise. When differences are immaterial no profit is derived 
from them; when they hinder freedom of use maximum service is not 
rendered; when they are not justified, the fact will be reflected in sales. 
Experience shows that use is facilitated by standardization, products are 
uniformly better, costs are reduced and the market broadened, to the 
greater advantage of producers. Batteries have standard terminals, filing 
cases standard compartments, tires are standard in essentials of design 
and sizes, lamps, standard intensities of candlepower, all to die advantage 
of user and maker alike. On the whole, the values which standardization 
offers to society greatly overbalance the losses it occasions. Furthermore, 
such losses as do result can be replaced by gains intrinsic to the present 
industrial order. These would be impossible without the products of 
contemporary industry. 



CHAPTER 18 


HUMAN RELATIONS 

THE PROBLEM OF HUMAN RELATIONS 

The Individual in Society.—The history of mankind is a record of 
strife. Differences of opinion and mutually exclusive purposes are as 
characteristic of contemporary times as of centuries past. But this 
aspect of man’s history is more fundamental than superficial observation 
of the fact might show. In many of these recorded struggles there is 
clearly evident the ordinary motivations of men—desire for material gain, 
pride, ambition, desire for power, racial prejudice, or religion. It is 
equally clear from a reading of history that these same motivations do 
not always result in open struggle. So long as man is a finite individual, 
he is limited in his choice of purposes and ideals, and individual differ¬ 
ences will result in different motivations and intentions. No two men 
pursue the same goal, and their goals may well be, depending upon the 
circumstances, mutually exclusive. This may be the source of open 
struggle; it has often been such in the past. Two individuals motivated by 
ambition may desire to hold the same office or position. If they compete 
openly one of them may lose, the result may be a party split, lack of 
cooperation within an organization, or, in the case of nations, war. On 
the other hand, such competition may result in the division of power, and 
consequent cooperation for other mutual ends. 

Some assume the differences which arise between employees and 
employers are occasioned by injustice in connection with the employ¬ 
ment situation. This is not necessarily the case. The relation of labor to 
management is not an abstract relation of class to class, but a relation of 
particular individuals doing different kinds of work, and with more or 
less different ends in view. Placing the emphasis upon the divergence of 
human interests does not mitigate the conflict, but viewed from this 
perspective the conflict does offer itself to solution. Divergence of 
interests can be resolved given sufficient knowledge of the facts and 
ingenuity. Just as competition between two firms may result in better 
service to the public and a liigher quality of merchandise, the resolution 
of conflicting interests may result in social progress. 

Human Relations in Business.—It is a mistake to assume that in 
modern industry the interests of employer and employee are mutually 
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exclusive. From a fundamental viewpoint the economics of modern 
industry show that what is good for the industry is likewise good for the 
employees. Thus, a higher standard of living for workers results in a 
more progressive and more profitable industry. This is the basis for the 
resolution of the human conflicts between employer and employee. In 
Greece production was carried on by a slave for his master. This master 
and slave relationship gave way during the Middle Ages to serfdom, and 
this in sequence to the master and servant concept, and employer- 
employee relationship with rights of contract. Mutuality of interests in 
these relationships was seldom recognized. Advantage gained by one 
party was presumed to be at the expense of the other. This is not the 
case today, and the recognition of this mutuality of interest is coming to 
be more and more a means of resolving conflicts. 

It is primarily in the recognition of the fact that human conflicts in 
industry must be resolved from the point of view of social well-being 
that distinguishes present industrial relations from those of the past. The 
recognition of the general social background of both capital and labor 
forms a common basis for the discussion of conflicts arising from human 
differences. These conflicts afe real, but the necessity and basis for 
resolving them are implicit in the need for a social organization. The 
furtherance of the general social level reacts to the benefit of both the 
employer and employee, and any conflict between the two should be 
resolved with this in view. 

The ultimate mutuality of interest between employee and employer is 
today widely recognized by industry. For example, an organization with 
350,000 employees seeks to eliminate entirely from the minds of its 
workers the master and servant conception. The endeavor is to emphasize 
the broader social context, “To make each one feel that he is a part of 
the business and, therefore, ready to assume all the responsibility, both 
individual and joint, as well as to enjoy the privileges and compensations 
that go with that relationship.'’ ^ And, “We want to make everybody feel 
like he is a part of the outfit, because we believe that that is the only 
way that a man puts his best life into industry, which is good for 
industry, good for himself, good for all his associates, and good for 
society.” ^ 


The Problem of Human Frailty.—In addition to the broader prob¬ 
lems of human interests which have been discussed, it is essential to 
remember that a great deal of human relations work in industry arises 


^ Proceedings of the Bell System Educational Conference, p. 245 . 
a Ibid., p. 242 . 
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from the individual characteristics of the employees. If all the people 
in industry were industrious, temperate, well-behaved, and capable, a 
good deal of friction would be eliminated. The problem of influencing 
and aiding people in this direction, however, has not been successfully 
solved. It has been estimated that six-tenths of human distress is due 
to intemperance, habitual idleness, or vice; three-tenths to old age and 
weakness following an improvident youth, and only one-tenth to sickness, 
accident, or loss of work/"^ In part the situation is also a consequence of 
heredity, of inborn incapability or weakness. Human frailty is largely 
outside the realm of the economist and the administrator, yet they must 
reckon with it, and it is a problem of governments. Most of the defi¬ 
ciencies in human beings cannot be corrected or eliminated by any plans 
which management may make, nor has any government or human agency 
ever achieved the desired objective in this direction. 

It is well to appreciate that as long as human frailties persist, trials 
and tribulations are inevitable, and that they are not a consequence of 
any particular form of social, economic or political organization. Leaders 
can understand, sympathize, and to an extent alleviate the effects of the 
causes mentioned, but many aspects of the problem cannot be reached. 
Efforts to improve mankind involve the use of moral and spiritual forces, 
education, and the physical improvement of the race, steps which can 
be but slowly taken over the centuries. In these ways only, how¬ 
ever, may the perennial suffering of great masses of men be greatly 
relieved. 

What Employers and Employees Want.—To understand the prob¬ 
lem of human relations it is necessary to know what management wants 
in its relation with employees, and what the latter desire. These are 
summarized as follows: 

The employer wants— 

1. Industrial peace. 

2. Improvement in the quality and quantity of work done. 

3. Reduction in cost, not by lower wages nor by skimping the work, 

but by improved methods. 

4. Higher efficiency on the part of the employee. 

5. Attentiveness and interest of the worker in his work and in his 

fellows. 

6. Loyalty and confidence on the part of the employee. 


® Statement by Dr. Harry M. Gage, President of Coe College, Cedar Rapids, Iowa. 
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The employee wants—^ 

1. Security of job and income. 

2. A fair wage for the work done. 

3. Safe, orderly, and efficient workplaces and conditions. 

4. Pride in the products, policies, and progress of the company for 

which he works. 

5. Reasonable working hours. 

6. An understanding of the company's business in so far as his 

interests are concerned. 

7. An opportunity to express his thoughts concerning his job and 

his relations with the business. 

8. Some financial security against the hazards of sickness, accident, 

disability, death, and old age. 


The wants of both groups can be obtained by cooperation, confidence, 
and persistence. 

The Capitalistic System.—Under any form of social or political 
organization people must work together according to some plan. This 
implies the acceptance of leadership and direction. Certainly, individual, 
uncoordinated activity means chaos. In business and industry it is essen¬ 
tial that the organization structure result in the maximum production of 
useful goods and services, for upon this result largely depends the 
progress of mankind. In this respect the capitalistic system has so 
operated in America as to furnish to the people as a whole, the greatest 
material benefits and opportunity for education known in history. It has 
weaknesses, but many are those inherent in any human organization. 

The human relations problem has two phases—the economic and the 
administrative. Sam A. Lewisohn writes: 


The economic phase includes such matters as wages and may be re¬ 
garded as peculiar to our present economic system, while the administrative 
phase is the permanent problem of organizing human nature and has 
nothing specific to do with any particular system. There is a great deal 
that is purely administrative which an employer must do in running a large 
plant. Such problems are of almost exactly the same nature as those pre¬ 
sented in any other non-cconomic organization, such as the Red Cross and 
the Army organization, which involve problems of leadership but do not 
involve any particular economic problems. . . . 

There are elements in the personal make-up of forceful employers which 
have nothing to do with capitalism and which are the attributes of an 
administrative leader in any active organization. An outstanding trait is 

^ “After All—Employees Are Just People,” by Ralph A. Lind, Factory Management 
and Mamtcnanc^, Vol. 92 , No. 2, p. 57 . 
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impatience with interference in control. There is a natural autocracy of 
leadership. . . . There is a growing recognition on the part of those in 
positions of authority, however, that they can obtain better results by en¬ 
listing the cooperation of those that they lead rather than by insisting upon 
their own infallibility. 

There are desires of the workman that are not strictly economic but 
which are found among subordinates working under any administrative 
system. These desires are the desire for justice, the desire for status, and 
the desire to have their jobs made into careers. The desire for justice is 
inherent in human beings. . . . Besides justice, employees desire a certain 
recognition of their status as independent human beings, and it is for this 
purpose that managements have established employee representation. . . . 
Workmen are not different from men in other branches of life. If they 
are energetic they desire above all things a successful career. It is true 
there is only a small fraction of workers that desire increased responsibili¬ 
ties, but this fraction must be given opportunity for advancement.® 


Management recognizes that as a prerequisite to national and individ¬ 
ual well-being, harmony and goodwill must exist in our production 
organizations. Only individuals working harmoniously together get the 
best results attainable: i.e., maximum productivity of goods and service. 
This is the objective of leading executives, as it is of trade union leaders. 
William F. Green, president of the American Federation of Labor, has 
stated that the worker’s welfare is dependent upon greater individual 
production and the elimination of waste in industry. We must have, 
before we can divide. That our present economic order holds most 
promise in this direction for the rank and file of American people is the 
conviction of eminent labor leaders. 

Henry Ford points the way toward success for capitalism, when he 
says that in order to achieve economic plenty for all, industry must 
produce more.® 

You cannot spread prosperity by spreading the existing supply of wealth 
—usable goods—in a thinner and always thinner layer across all the people. 

It is silly to talk about reducing production and raising prices as a way 
to prosperity. 

Only by making things can we have enough things for everybody. 

We must make better goods less expensively. And we must pay people 
enough in wages so that they can afford to buy the things they make. 

Modern machinery makes employment by bringing manufactured goods 
down to a price within the reach of the buying public. 


® “Basic Principles of Managing Men,” by S. A. Lewisohn, Executives* Service 
Bulletin No. 8, Metropolitan Life Insurance Company. 

® “Industry Must Make More of Everything,” an interview with Henry Ford by 
Arthur Van Vlissingen, Factory Management and Maintenance, Vol. 94, No. 9, p. 36 . 
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The progress being made in increasing the well-being of individuals 
by progress in production is indicated by the lower prices for many 
products, such as electric refrigerators, radios, automobiles, and the like. 
Prices of the former items have been lowered as much as 50% within a 
few years, while automobiles cost considerably less. At the same time 
values have been increased. Articles of this kind are not possessed by 
working people abroad. 

In order to make business and industry serve the people of a nation 
effectively under capitalism, the task is to find an equitable balance 
between the cost of labor, the price of the commodity in the market, and 
a profit adequate to make the enterprise attractive to capital. And beyond 
this question is the necessity of maintaining a high standard of living for 
a free people. The real wage level of the United States is from two to 
four times greater than that of other countries. It is clear, therefore, that 
the capitalistic system of production and modern production arrange¬ 
ments have proved effective, and further, that the benefits enjoyed accrue 
largely to the wage earners. 

LABOR ORGANIZATIONS 

Union Problems.—Early efforts toward unionization of workers 
were due to local differences between employees and employers. They 
became an agency for the settlement of problems of human relations 
arising in connection with economic activities, principally manufacturing. 
Unions are in part a consequence of unintelligent and unfair treatment 
of employees in the past. They have been protective organizations, con¬ 
structed for defensive and offensive fighting in the economic interests of 
members. Union insistence upon better working conditions, shorter 
hours of employment, increased wage rates, fair dealing with individuals, 
and recognition of the worker as a social unit has been of immeasurable 
value to all working people. Samuel Gompers, for 42 years president of 
the American Federation of Labor, expressed the aims of labor organi¬ 
zations succinctly when he said they strive to secure “more” for the 
worker. Always more money and better working conditions. 

Unions have been fighting organizations, often necessarily so, designed 
to get the worker a real or imagined share of industrial profits, and with 
little regard for the interests of management, owners, or the public. Union 
leadership, broad-minded and admirable as it has been in a few cases, has 
top often, especially among subordinates, been unintelligent, narrow, and 
even unscrupulous. The strength of unionism has depended upon the 
solidity of the group. To this end class differences frequently have been 
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fostered, and efforts made to keep alive the false idea of opposing interests 
of men and management. 

The American Federation of Labor.—Efforts to foster social and 
political aims in labor movements proved unavailing. In 1886 the 
American Federation of Labor was organized to promote the economic 
welfare of its members, and since that time it has been the dominant 
influence in the field. Its plan of organization consists of unions organ¬ 
ized mainly on a craft basis, united in a federation. Its leadership has 
remained conservative, non-partisan, depending upon voluntary member¬ 
ship rather than upon compulsion throughout its history. Its strength 
and its weakness have been the autonomous character of its constituent 
unions. For whereas the independence of the unions makes for democ¬ 
racy and flexibility, it often also results in corrupt leadership, in racke¬ 
teering, and in practices which lead to public disapproval. Some craft 
unions have remained independent of the American Federation of Labor, 
as the various Railroad Brotherhoods. 

The Congress of Industrial Organizations.—In 1935 John L. 
Lewis and a few other labor leaders became dissatisfied with what they 
considered reactionary and outmoded policies in the A. F. of L. They set 
about to establish industrial unionism in the country with the formation 
of the Committee for Industrial Organization—later changed to Congress 
of Industrial Organizations. The object of the C. I. O. was to organize 
unions along industrial rather than craft lines. For example, all employees 
in the automobile industry would belong to the union of automobile work¬ 
ers, regardless of the kind of work they performed. This was thought to 
be more in line with modern productive organization. The C. I. O. aggres¬ 
sively organized employees in both large and small plants. Its efforts 
were often marked by violence and coercion, and in some cases the use of 
political influence was charged. A bitter factional dispute soon developed 
between the A. F. of L. and the C. I. O., causing a split in the ranks of 
labor. At times the fight between the two organizations became more 
intense than their battle for the rights of labor. Unfortunately in order 
to gain its ends the C. I. O. has used rabble-rousing tactics, and sowed 
the seeds of class dissension. Its leaders have frankly sought political 
influence and power. 

The A. F. of L. contends that compulsory unionism will fail, that the 
diverse interests within an industrial union lead to dissension and weak¬ 
ness, and that the organization of a labor party or alignment with an 
established political party is an error. But the C. I. O. is the first national 
union that has successfully organized labor in our large industrial plants. 
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Strength of Unions. —The majority of American workers are not 
labor union members despite the National Labor Relations Act. They 
evidently feel the cost in initiation fees, dues, and other contributions is 
too great. Unionism reached a peak of about 5,000,000 members in 1920, 
the only time previous to 1936, with approximately 36,000,000 workers 
eligible. In the manufacturing industries voluntary unionism enlisted 
less than 10^^ of the workers engaged. The strength and trend of mem¬ 
bership in the American Federation of Labor are indicated by the 
following data: 


Memhersiiip in the American Federation of Labor* 


Year Membership 

1924 . 2,865,799 

1926 . 2,803.9f)6 

1928 . 2,896,063 

1930 . 2,961,096 

1932 . 2.532.261 

1934 . 2,608,011 

1936 . 3,442,398 

1938 . 3,623,087 

1940 . 4,374,700 

1942 . 5,482,581 

1944 .(Approx.) 6.807,000 

1946 .( “ ) 6.000,000 


* Includes some Canadian membershii). 

The memliership in all United States unions has varied as follows: 
Membership in All National Unions 


Year Membership 

1929 . 3.442,600 

1933 . 2,973,000 

1936 . 4,700,000 

1940 . 8,500,000 

1942 . 12,000,000 

1944 . 13,750,000 

1946 . 13,000,000 


The C, 1. O. has had a rapid growth and its membership has fluctu¬ 
ated greatly. It has a claimed membership of over 6,000,000, but its 
dues-paying members may be less. Authoritative information is lacking. 


Economic and Social Effect of Unions. —Union enthusiasts assert 
that with the unionization of all workers, and unions universally recog¬ 
nized, these organizations would immediately become cooperative, con¬ 
structive organizations, helpful in furthering the interests of all, and solve 
the problem of human relations. This is questionable, if experience 
abroad, particularly in England and Australia, is of value. Closer to 
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home, we have unionized industries in the United States which might 
be expected to serve as examples of this tendency, but do not. 

In the American anthracite coal industry, 100% unionized, union 
influence has been negative. In the bituminous fields, with a powerful 
organization, unions have not contributed to a solution of the problems of 
operation, and have been neglectful of public interest. In the building 
trades which have been strongly organized, inter-union conflicts have 
been frequent, and union policy unmindful of public welfare. Strongly 
intrenched unions have signally failed to win public confidence and 
regard, or the endorsement of the industry. 

Some unions have been constructive and helpful to management, par¬ 
ticularly in recent years. Examples are those in the printing trades and 
the garment makers. Still others occupy a middle ground with regard 
to cooperation. 

As previously pointed out, unions influence wages, hours of work, and 
working conditions. Does this influence add to average incomes, improve 
employment, or increase purchasing power ? Are unions helpful in bring¬ 
ing about lower prices to the consumer? Allen W. Rucker, in a book 
entitled, “Labor’s Road to Plenty,” analyzes the end results of union 
activity in several major industries. His conclusion is that unionization 
is detrimental to the interests of both labor and the public. The data in 
Table 10 are typical of those presented, and are supposed to show the 
effect of union activities during periods of both prosperity and depression. 
While the conclusions may still be the subject of controversy, the figures 
given furnish some interesting material. 

It will be noted that according to Mr. Rucker’s index figures the 
average annual income, employment, and purchasing power of payrolls 
in six nonunionized light industries are in all cases higher upon a 1923 
base than are those of six unionized light industries. A comparison of 
the figures for particular industries between the prosperity year of 1929 
and the depression year of 1933 shows that the economic cycle does not 
treat all industries or industrial workers alike. It will be well worth 
while to keep data over a longer period in order to check results. 

Manufacturing companies are in the business of producing goods for 
public consumption. Labor and other costs are necessarily included in 
prices. The consumer must pay all costs; there is no other way. When 
prices are high and the public does not buy, the situation is reflected in 
less employment and purchasing power. High wage rates and labor 
practices which hamper production tend to increase prices unless savings 
can be made in other items. Some unions have aided management in 
finding these other savings, but labor generally has not considered this 
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Table 10. Trend of Average Annual Incomes, Opportunity for 
Employment, and Purchasing Power of Total Payrolls in Thirteen 

Major Industries* 

1923 = 100.0 


Annual Purchasing 

Income Employment Power 
1929 1933 1929 1933 1929 1933 

Per Cent Per Cent Per Cent 


Anthracite coal mining . 

Bituminous coal mining. 

80.5 

58.7 

96.0 

66.3 

81.2 

49.8 

89.4 

40.6 

71.4 

59.4 

67.0 

33.9 

Boot and shoe manufacturing. 

97.3 

66.9 

91.3 

84.8 

93.3 

79.8 

Cotton textile manufacturing. 

90.7 

67.8 

90.1 

80.5 

85.8 

76.8 

Knit goods manufacturing . 

116.7 

80.4 

107.3 

97.7 

131.5 

110.4 

Glass manufacturing . 

106.0 

76.1 

92.1 

67.9 

102.5 

70.7 

Leather manufacturing . 

102.8 

78.9 

83.6 

74.0 

90.2 

82.1 

Men's clothing manufacturing. 

91.6 

59.1 

94.7 

75.4 

91.1 

62.6 

Printing and publishing. 

107.0 

83.4 

113.6 

79.5 

123.9 

103.1 

Railway repair shops. 

108.0 

78.8 

75.5 

54.8 

85.6 

51.0 

Railway transportation . 

107.9 

89.4 

89.4 

52.3 

101.2 

65.7 

Ship building . 

110,0 

75.3 

98.4 

49.1 

102.1 

52.5 

Silk and rayon manufacturing. 

104.1 

66.3 

104.2 

88.1 

113.8 

82.2 

Average for six unionized light indus¬ 







tries . 

98.2 

68.3 

94.7 

83.8 

97.7 

80.4 

Average for six nonunionized light in¬ 







dustries . 

106.2 

79.7 

110.8 

94.5 

123.7 

106.0 

Average for all manufacturing. 

104.8 

69.3 

100.2 

68.8 

111.8 

65.4 


* L.'iIkji's Uoatl to Plenty, l»y Allen \V. Rucker, Ch. 7. 


problem as any of its affair. Union leaders have claimed that with greater 
unionization more cooperation betw’een management and labor will be 
achieved. It is to be hoped this will be the outcome, for it is one of the 
major contentions of true scientific management. 

Effect of Total Unionization.—There are about 50,0(X),(XX) wage 
earners in our working population, excluding children, housewives, and 
the aged. Of this number, about 14,000,000 are in the manufacturing and 
mechanized industries, and ab.out 8,500,000 are wage earners in factories. 
The national income was 37 billions in 1932 and 89 billions in 1929. It 
is distributed in salaries, wages, dividends upon investments, interest for 
savings, etc. Only about one-tenth normally goes to those earning over 
$5,000 a year. Assuming that a 60-billion dollar national income is 
distributed entirely to wage earners, the average income would be about 
$1,200 a year. The futility of universal unionism as a means of raising 
wages is apparent. ‘Tf all industry were unionized, the apparent gains 
of each union would be neutralized by similar gains by all the others. As 
a net result, real wages would be the same as now. Unionized industry 
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could gain an advantage in only one way—^that is by forcing other groups, 
such as farmers, white collar workers, professional people, to pay an 
uneconomic price for the products of industry/* 

The Future of Unions.—Management must necessarily deal with 
labor collectively, and labor must have a medium for group expression. 
With upwards of 10,000,000 organized into unions of all kinds, the move¬ 
ment is one of vital public importance. In their influence upon public 
well-being they may be compared in some respects to business corpora¬ 
tions. This suggests increasing legislation, direction, and control. 
Monopoly in any form is objectionable. Violence, coercion, and compul¬ 
sion of employers or employees have no place in a democracy. As 
policies and procedures advocated or practiced are revealed to be eco¬ 
nomically and socially unsound, there must be ways of protecting the 
public interest. The racketeering and criminal element must be elimi¬ 
nated from the labor movement. Issues to be dealt with include (1) the 
closed shop, (2) the check-off, (3) picketing, (4) strikes, (5) incorpora¬ 
tion of unions, (6) public records of union activities and use of funds, 
(7) limitation of use of funds for political purposes, (8) responsibility of 
union for acts of its officers and members, and (9) compulsory unionism. 
Recent legislation in Oregon, Minnesota, Michigan, and Wisconsin indi¬ 
cates public objection to radical labor activities and practices which are 
hindering to trade and commerce. Southern states guarantee constitu¬ 
tional industrial freedom to business. Public sentiment will finally deter¬ 
mine the place of unions in our society. Labor needs enlightened leader¬ 
ship to keep the gains already secured without arousing the public 
hostility that may make itself apparent at any time. 

Independent Unions.—Employee representation plans appeared 
early in the century, but were not numerous until the. years of unusual 
manufacturing activity from 1915 to 1919. In 1926, there were 432 such 
plans, with 1,369,000 employees participating. The passage of the 
National Industrial Recovery Act in 1933 gave a further impetus to this 
movement, as workers were encouraged to associate in collective bargain¬ 
ing agencies. However, the National Labor Relations Board interpreted 
the Wagner Act of 1935 as implying that these plans constitute unfair 
labor practices because of supposed employer domination. Several were 
disbanded, while others continued as independent unions without any 
company aid or assistance. They are legal when organized and carried 
on by employees entirely independent of the employer. Although vigor- 


Royal F. Munger, writing in the Chicago Daily News. 
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ously opposed by the national labor unions, independent unions are still 
being established and are favored by many employees. 

The independent union carries with it the idea of a mutuality of 
interest between workers and management, and fewer labor disputes 
occur when this idea is present. The worker is entitled to a presentation 
of his views through some representation plan that will protect his 
interest, and he is entitled to choose whatever form he prefers; but he 
should be sure the union is strong enough to enforce its demands. 

Independent unions offer opportunity for consultation, negotiation 
and friendly cooperation between those whose primary interests are the 
same. They give the workers a chance to be heard, and mutual under¬ 
standing and agreement generally follow. They eliminate outside labor 
agitators, the spirit of force, a divided loyalty, and the necessity of par¬ 
ticipating in labor difficulties elsewhere. 

Ordinarily 75% to 80% or more of the propositions submitted to 
joint shop committees are settled without appeal to higher bodies. Objec¬ 
tion may be offered that the employees do not get all they ask for, and 
that important demands are overruled. However, experience shows that 
agreement satisfactory to both parties is likely to be arrived at. In this 
connection the fact that unions fail to achieve all objectives aimed at, 
the cost of union membership and strikes must be considered. The wide 
range of subjects covered by the questions brought to the attention of 
management by employees of the steel industry is shown by the following 
table which classifies the subjects under discussion during a six-month 
period.® 


Wages and hours of work. 2,063 

Safety . 629 

Conditions affecting production and comfort. 383 

Methods and economics. 149 

Health and sanitation. 209 

Employees’ transportation . 63 

Pensions and relief. 195 

Housing and living conditions. 44 

Education and recreation. 108 

Dismissals and alleged discriminations. 21 

Rules, ways, and means. 75 

Miscellaneous . 1.197 

5436 


Seventy-five per cent of these questions were decided in favor of 
employees, 18% in favor of management, and the remaining 7% were 
compromised or withdrawn. 


® From Steel Facts, published by the American Iron and Steel Institute, New York. 
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If employers misuse their power of ownership they will defeat their 
own ends as lamentably as some unions have done in permitting selfish 
and autocratic strikes and hindering progressive management. 

Independent unions are formed by employees in a single plant, or the 
several plants of one concern. The organization may be one which the 
new worker joins, paying nominal dues, or he may automatically acquire 
rights of membership with a limited term of service. Foremen may be 
ineligible for membership. Officers are elected and committees appointed 
to effect a working organization, and one which can adequately represent 
the workers’ interests in negotiations with management. 



CHAPTER 19 


THE PERSONNEL DEPARTMENT—EMPLOYMENT 
AND ECONOMIC SECURITY 

Objectives of Personnel Management. —The objectives of a per¬ 
sonnel or industrial relations department may be stated as follows: 

1. To increase the efficiency of the working force—increase production 
and sales, improve service, decrease costs, maintain or improve quality. 

2. To increase the satisfaction and morale of all employees. 

3. To protect the physical and mental well-being of employees. 

These objectives must go hand-in-hand. Any improvement in efficiency 
which is achieved at the expense of lowered morale or the physical impair¬ 
ment of employees will in the long run prove costly. Likewise, any person¬ 
nel activities which do not improve efficiency either directly or indirectly 
will be uneconomical. Sound industrial relations are a matter of sound 
business and not of paternalism or welfare.^ 

Personnel departments strive to treat employees as individual per¬ 
sonalities. They recognize that management and employees are in the 
same business, dependent upon its success in which they share. A per¬ 
sonnel department which endeavors to cooperate with its personnel to 
the end that each person may develop and utilize to best advantage his 
talents and capabilities, provide adequately for his family, and serve his 
community usefully as a citizen, is building for the future. 

Personnel Policies. —The following policies were formulated some 
twenty-five years ago by the Western Electric Company for the guidance 
of those directing the work of others. They have stood the test of time. 

1. To pay all employees adequately for services rendered. 

2. To maintain reasonable hours of work and safe working con¬ 

ditions. 

3. To provide continuous employment consistent with business 

conditions. 

4. To place employees in the kind of work best suited to their 

abilities. 

5. To help each individual to progress in the company’s service. 

' “Fundamentals of a Personnel and Industrial Relations Program," by Harold B. 
Bergen, Personnel, Vol. 13 , No. 2 . 
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6. To aid employees in time of need. 

7. To encourage thrift. 

8. To cooperate in social, athletic and other recreational activities. 

9. To accord to each employee the right to discuss freely with execu¬ 

tives any matters concerning his or her welfare or the com¬ 
pany’s interest. 

10. To carry on the daily work in a spirit of friendliness. 

The Evolution of Personnel Work. —Major interest in personnel 
work was manifested first about 1914. The European war so greatly 
increased the demand for goods, that workers became increasingly diffi¬ 
cult to obtain and more difficult to keep on the job. Executives began to 
recognize that an annual labor turnover of 300% meant also a cost of 
from $10 to $300 per replacement, and with men who had little enthu¬ 
siasm for their jobs, a tremendous expense and waste. Those concerns 
with personnel departments well established were observed to be success¬ 
ful in retaining their staffs and maintaining effective production organiza¬ 
tions. As all found it essential to be able to attract and hold workers, 
such departments were very generally created. 

Personnel departments of this period were often merely employment 
departments, designed to find workers and do what was necessary under 
the circumstances to keep them. The executives in charge were fre¬ 
quently inexperienced and poorly qualified. Many employers were with¬ 
out faith in the soundness of the movement, and insincere in attempts 
to promote employee well-being and plans of representation. As a con¬ 
sequence many failures resulted. To the extent that intelligent direction 
was exercised, and sound methods and policies carefully worked out 
under the guidance of able executives desirous of creating new and better 
relationships with employees, the movement succeeded. 

Departmental Activities. —In Figure 95 the activities of an indus¬ 
trial relations department are outlined. The company also fosters and 
promotes recreation, education and entertainment activities through the 
agency of the Hawthorne Club. This organization composed of all em¬ 
ployees carries on some 30 activities. A large, well-equipped gymnasium 
and athletic field are provided. 

Each company develops its personnel department to meet its indi¬ 
vidual requirements, but the following divisions of work are typical: 
(1)employment procedure, (2) economic security, (3) education and 
training, (4) recreation and entertainment, (5) health and safety, 
(6) joint relations, and (7) restaurant service and plant conveniences. 
The Caterpillar Tractor Co. has organized its indu.strial relations work 
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I. Interview all leaving eoployoea for the purpeae 
of obtaining Individual reaetiena to apecific 
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Ificatlon. 

10.3 Cowpile atetlatlea and laauo neccaaary re¬ 
porta In connection with changoa In peraen- 
nel and diatribution of aervice certifIcatea. 

10.0 latabliah vacation allowance for all eo- 

ployeaa. 


Tm PCOSOOW L PL ACEMtOT OCfAATKOT 

1. To aaaiat the aupervlaer In placing each aapleyee 
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1.2 When he wight have ability and Intereat of 

value in new or ether work. ^ 

1.3 Whan becauae of phyaical raatrictiena it la 
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I.b Capleyaea benefit plan adninlatra- 
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Figure 95. Organization Chart of the Industrial Relations Department of the 
Hawthorne Works, Western Electric Company 
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into divisions as follows: ( 1 ) personnel, (2) medical, (3) safety and 
sanitation, (4) insurance, (5) training, ( 6 ) publications, and (7) res¬ 
taurant. The director in this case helps formulate and give effect to 
policies, and with staff assistance carries on cost of living surveys, and 
wage and salary studies. In all cases the organization and administration 
of the various activities is centralized in one department. 


EMPLOYMENT PROCEDURE 

Since industry is a phase of the contemporary social system, the func¬ 
tion of the employment division is twofold. First, it seeks to help workers 
find work which they can do well, enjoy, and which will enable them to 
live the sort of life they desire. Second, the employment division en¬ 
deavors to obtain for its company a man who can perform or learn to 
perform the duties demanded by a particular occupation. This is a clear 
illustration of the way in which the welfare of the individual and the 
industrial organization are interrelated. 

Functional Organization. —Centralized responsibility for hiring and 
termination of employment is an accepted principle in most medium-sized 
and large companies today. The foreman does not possess the qualifica¬ 
tions of an employment executive, the time, nor the facilities necessary to 
perform the task adequately. In this field as in others expertness pays 
dividends. From a company standpoint, general qualifications are as 
important as proficiency at a given task. Further, several definite evils 
manifest themselves when foremen control employment. These are 
favoritism, the employment of relatives, inequitable promotions and wage 
rates, the formation of cliques, and increased labor turnover, with inevi¬ 
table loss of good workers. 

With centralized administration applicants may be selected who are 
acceptable from the standpoint of health, age, mental and physical char¬ 
acteristics, moral and social qualifications, past record, and craft skill. 
Favored applicants may then be referred to the foreman, whose final 
approval is necessary. The foreman likewise retains the privilege of dis¬ 
missing workers from his department for cause, and thus retains the 
prestige essential to control of the group for whose output he is respon¬ 
sible. When a desirable employee fails to make good in one department, 
a very definite effort should be made to place him satisfactorily at some 
other point in the organization. 

The Interview and Application Blank. —The personal interview 
supplemented by the application blank and its data are considered indis¬ 
pensable parts of employment procedure. (See Figures 96a-b.) Infer- 



APPLICATION FOR EMPLOYMENT 

CA1BMUAK fKACTOK Ca 


FOtMEIEMKOm VEsD NoD 

NAMU___ 

Uh 

APOaP« _ 

Sircai «fid Nv« 

DATE Of BmTM_ 

MofiiK I 

WHERE f ATMER RORN_ 

NATIONALITY or >ATMr» 


__SOCIAL SECURITY NO.- 

MddU 

__ RHONE NO__- 

dr S<«<« 

WHERE RORN .. .. ------ 

City Smic 9f Cowmy 

_WHERE MOTHER BORN--- 

&<«<c or C«wMrr 

_NATIONALITY Of MOTHER_---- - 

SERARATED □ DIVORCED O WIDOW OR WIDOWER □ 

_________ *Ti^/n OTM£R_--- 


ARC^VI^: SINGLE □ MARRIED □ SERARATED □ DIVORCED □ WIDOW OR WIDOWER □ 

NUMBER dependent UPON YOUR INCOME: CHILDREN_ RELATIVES_OTHER- 

DO VW: OWN HOME □ RENT □ BOARD □ ROOM □ LIVE WITH RELATIVES □ DO YOU OWN A CART YES D NO D 

RESIDENT IN PEORIA COMMUNITY SINCE_ 1»_ ARE YOU A U. S CITIZEN? YES O NO O 

HEIGHT--- WEIGHT_COLOR LYtS_COLOR HAIn-:- 

frri l»t».»i Roundi 

CONDITION^ W HEALTH; EXCELLENT Q GOOD Q fAIR Q HAVE YOU EVW HAD^TROimE WITH HEART?_LUNGS?- HERNIA?- 

HAVE YOU ANY PHYSICAL HANDICAPS TO SIGHT?_ HEARING?_SPEECH?_HANDS?_ TECT?- 

An,mu Y«t c No 

OTHER AILMENTS OR DISABILITIES__ _ 

HOW MUCH TIME HAVE YOU LOST THROUGH ILLNESS DURING THE LAST TWO YEARS?_—— - 

CHECK HIGHEST GRADE COMPLETED: GRAMMAR SCHOOL CDtafi)tll[0ltlt3ta HIGH SCHOOL [D El EJ 0 COLUGE 0 0 0 0 

If YOU ATTENDED COaEGE, GIVE; NAME AND LOCATION--- 

ATTENDED rROM__ TO--— COURSE Of STUDY-DCGREfS,, ----- 

OTHER TRAINING_ _ __ 



INFORMATION FOR APPLICANT 

Vour Application for Emplo^cnt will be carelully filed and you may be assured that you will receive prompt notification 
when an opening occurs for one of your qualifications. Selection or applicants will be made entirely from our file, and all noti> 
fications of employment opportunity will be by letter. 

Vour application will remain active for a period of ninety days from date, but may be renewed as many times as desired. 
To renew your application for an additional ninety day period, we prefer that you write us a letter and simply state that you 
wish to have your application renewed. You may be certain that upon renewal your application will remain before us for the 
additional period. If not renewed at the expiration of the ninety day period, your application will be destroyed. Renewal let* 
ters will not be acknowledged. 

When opportunity for employment occurs, preferred consideration is always given to our former employees. 

Kindly advise us if you change your address. Address all communications to the PERSONNEL DIVISION. 


Figure 96a. Application Blank of the Caterpillar Tractor Co. 
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RECORD OF PREVIOUS EMPLOYMENT 

usr MOST RiaNT EMPtOYMCNr ranr 


NAME Of EMPLOYER 

St EEET AOOEESS _ 

EMP1. 0VTD AS _ 

IfNCTU O f S E8VCE 
REASON ro# 1EAV NC 

NAME or EMPlOv fR 

STREET AD DRfS_ 

EMREOyED AS_ 

LENGTH Of Stfl V CE 
REASON f OR If AV NG 
21AME Of EMPLOYTR 

STREET ADOBES S_ 

EMPtQYED AS_ 

LENCTW O SERVCE_ 

REASON f *58 llAVNG 


CITY AND STATE 


DATE LffT 


aooc N^ 


C ITY AND stat e 


DATE lEH 


C TV AND state 


DATE lEfT 


CIOC IC NO_ 


other EXPER ENCt NOT HOWN ABOVE. 


I I N ORDER Of PRE < CE TYPE O AORR EOR \IIHCM YOU ART OUAL f ED OR ALACM NE VUCH YOU CAN E RAfL 


IICLATIVCS CMPLOVCO BY CATCIIBII.LAII TRACTOII CO 

THK INfORMATION It OCSIRIO ONLY FOR THE PURPOSE OF MAKINO PROPER PLACEMENT WE DO HIRE RELATIVES 


In iifiiing lhi< Applic«lion for Employment it it done witfi the vnderttendinf that my previeiit and pratent employer! w II be athed for information 
relative to my employment record with them and I hareby releaie from all Uability or damage Ihora Individuali or eorperalioni who provide luch infor 
Rialion 


oiGNED. 


AppI cam 


Figure 96 b Reverse of Application Blank of the Caterpillar Tractor Lo 
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mation supplied on the application blank will aid the interviewer in judg¬ 
ing the acceptability of the applicant, and with tli^ job specification card 
will form a basis for questioning. With experience the skillful employ¬ 
ment man will make few mistakes when he has the opportunity to meet 
and talk with applicants in this intelligent and intimate fashion. He will 
need to possess a friendly, tactful nature and be capable of gleaning from 
the applicant all necessary information without embarrassing or antagon¬ 
izing him. The interview should be conducted in private, and whether or 
not work is in prospect for the applicant, he should be accorded cordial 
and courteous attention. The validity of statements made on the appli¬ 
cation blank may be checked later if the individual becomes an employee. 
When this is the known practice few cases of misrepresentation will 
occur. 

Job Specifications. —As above indicated, the interviewer should be 
provided with job specification cards outlining clearly and completely 
the main requirements of each job for which workers are to be chosen. 
These are a result of job analysis procedure wdiich may be done by this 
department, but is sometimes cared for by the motion and time study 
division. (See Figures 108a and 108b, pages 376-377.) 

Intelligence Tests. —Intelligence tests aid in judging a person’s 
aplitude and fitness for particular tasks. “They measure a comlnnation 
in unknown proportions of native and acquired ability, and the scores 
made are more or less influenced by school training. They possess value 
in indicating the probable relative native abilities of individuals w^ho have 
experienced about the same environment and school opportunities.'’ “ 
Thus, they are helpful in indicating individuals of most promise, aid in 
placing them in suitable occupations, and serve as a guide for promotions. 

Tests of this character do not measure reliability, honesty:, loyalty, 
capacity for leadership, and similar traits. Other things being equal, 
however, the person most likely to succeed in a given line of work will 
be indicated by an intelligence test and should be chosen. Frankly recog¬ 
nized as still in the experimental stage, such tests must be used with 
judgment. Failure to recognize a good man may cause him to seek a 
greater opportunity elsewhere, and such losses are to be avoided. 

Trade Tests. —Trade tests are more definitely indicative and final. 
An accurate estimate of the worker’s skill and familiarity with the trade 
can be judged by his answers to skillfully prepared questions covering 

^ Statement of C. W. O’Dell, .\ssistant Director of the Bureau of Educational Re¬ 
search, University of Illinois. 
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equipment, tools, and practices. He may be asked to identify machine 
parts and tools on photographs. Tasks can also be assigned. Each craft 
occupation has a lingo of its own which often serves to identify the 
experienced and qualified man. 

Aiding the New Employee to Become Established.— It should 
a part of the foreman's task to make the new employee feel at home by 
acquainting him with his fellow workmen, and by friendly attention and 
instruction while he is adjusting himself to a new environment. The per¬ 
sonnel department may well follow this up in a month by a personal 
interview. 

The new worker should also be acquainted with the various personnel 
department activities, the plan of employee representation, opportunities 
afforded for recreation, education, saving, insurance, and the like. He 
must be made to feel that he is a part of the “outfit," and imbued with 
its aims and purposes. Helpful in accomplishing this are booklets of 
instruction for employees. These manuals outline the history of the com¬ 
pany, give company rules, privileges granted, and other useful informa¬ 
tion. It is a good idea to have some qualified employee conduct new 
workers about the plant before they begin work or soon afterward, so 
that they can see for themselves what is being done and comprehend their 
place in the scheme of things. Sometimes an elderly or retired workman, 
ripe and mellow with age, is most suitable for this task. Talks by execu¬ 
tives may be fitted into educational tours of this kind. 

Employee and Other Records.—In order to operate effectively the 
employment division of the personnel department must have adequate em¬ 
ployee records, statistical information, and economic data as a basis for 
its actions. 

A record of the placement of each man may be kept on a printed form, 
which provides space for recording transfers and promotions. At intervals 
of six months a review of the employee's record should be a matter of 
routine, with consideration of a wage increase, and perhaps a talk with him 
about his work and the future. Pertinent facts and conclusions should be 
recorded. 

In addition to the complete employee records suggested, an audit of 
the plant's future needs and of the community labor supply is invaluable. 
Forecasts of business activity can be interpreted in terms of personnel 
requirements for stated periods, and thus needs anticipated. 

Information pertaining to the cost of living, wage trends, both real and 
actual, business conditions tending to attract labor elsewhere, changes in 
the labor supply, market conditions affecting distribution of product, 
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reports concerning personnel activities, experience and results of practice 
in other plants all have a logical place in the department files. 

Sources of Labor Supply. —A labor audit will disclose the com¬ 
munity labor resources. Employees will suggest the names of friends, rela¬ 
tives, and others whom they can recommend, and this constitutes an ex¬ 
cellent source of worker material. It often happens that workers living 
nearby are employees of a distant factory, and vice versa. Intelligent 
adjustment of this situation in cooperation with other plants is beneficial to 
all parties. 

Other sources of labor supply are high schools, manual training schools, 
approved employment bureaus, and newspaper advertising. The latter 
medium should be used with caution and care taken not to take employees 
from other local plants without good cause. Cooperation between the in¬ 
dustries, or like industries of a locality, in building up and maintaining 
a satisfactory labor supply is constructive employment department pro¬ 
cedure. 

Promotions and Transfers. —The placement of a worker marks the 
beginning of the personnel department’s interest in his behalf. In a 
month’s time he sliould be interviewed to assure that he is adjusted to 
his work and satisfied. At regular intervals, as before suggested, each 
employee should be given individual consideration, and reports of the 
foreman should be used in evaluating his worth, as a guide to merited 
promotion. The ambitious worker must not be forgotten or permitted to 
remain in work which does not have a future for him. 

\\\)rkers are entitled to make progress. Lack of ability or the neces¬ 
sary qualifications should be the only obstacle. When a worker is capable 
of performing more important tasks than his department has to offer, 
there should be opportunity for transfer, or the worker aided to better 
himself elsewhere. 

Merit Rating. —Merit rating report forms are usually developed by 
companies to meet individual needs and are a product of the thought and 
ideas of those immediately concerned. This procedure accounts for the 
lack of uniformity in the forms used. The fact that merit rating plans 
are evolved from mental effort and discussion by those applying them 
contributes to their effectiveness, because it assures greater understand¬ 
ing of their purpose and value, interest, and cooperation. Figure 97 
illustrates a form for hourly rated workers in the factory. 

A suggestion for rating new workers is given in Figure 98. This plan 
is applicable to office employees as well as factory workers and gives con- 
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EMPLOYEE'S RA'HNG CHART 

AC SPARK PLUG DIVISION 

CCNCRAL MOTORS CORPORATION 


DATE_EMPLOYEE'S NAME___»_CLOCie NO.. 

RATING FOR PERIOD FROM_TO_OCCUPATION RATED ON___ 


PUT CROSS IN SECTION WHICH MOST ACCURATELY DESCRIOES DETAIL IN THIS EMPLOYEE 



Figure 97. Employee Rating Card 
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REPORT OF NEW EMPLOYEES 


NAME. John - department_DATE EMPLOYED- 


GRADE 

NUMER< 
ICAL VAL. 
ASSIGNED 
TO GRADE 

1st 

MO. 

2nd 

MO. 

3rd 

MO. 

4th 

MO. 

5th 

MO. 

6th 

MO. 

7th 

MO. 

8th 

MO. 

9th 

MO. 

10th 

MO. 

nth 

MO. 

12th 

MO. 

EXCELLENT 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

GOOD 

■ 

1 

1 




_ 




1 


n 



■ 

■ 


' 


n 

FAIR OR 

3 

— 


gUgl 



n 

□ 

■ 


□ 

AVERAGE 

BELOW 

2 









1 

1 


AVERAGE 

POOR 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

NAME OF RATOR 


1^ 




■ 


■ 


■ 


_ 



NOTE 

-INDICATES PRODUCTION EFFICIENCY 

-INDICATES SUPERVISORY POSSIBILITIES 


FACTORS CONSIDERED IN DETERMINING PRODUCTION EFFICIENCY 


QUANTITY OF WORK 

H 

B 

H 



EB 


4 


4. 


m 

QUALITY OF WORK 

H 

KB 

El 



4. 


m 


m 


4.S 

PERSONAL ASSETS 

LOYALTY, application. INITIATIVE. 

JUDGMENT, ATTITUDE, DEPENDABILITY 

i 


■ 

Hi 

■ 

3J 

■ 

■ 

■ 

■ 

■ 


AVERAGE 

n 


BO 

m 

_ 

EB 

_ 

EB 

_ 

EX 

_ 

EH 


FACTORS CONSIDERED IN DETERMINING SUPERVISORY POSSIBILITIES 


PROGRESSIVENESS 

AMBITlOt^. APPLICATION, INITIATIVE. 

B 

m 

B 

HI 




BH 


4 


4 . 

DEPENDABILITY 

ACCURACY, ORDERLINESS. THOROUGHNESS 

B 

B 

IS 

BH 


m 


a 


4 


H3 

LEADERSHIP 

COOPERATION. PERSONALITY 

INSPIRE CONFIDENCE 

3 

3, 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

B 

■ 

■ 

ORGANIZING ABILITY 

SKILL IN ORGANIZING AND 

ARRANGING WORK 

2 



■ 

■ 

J.S 


3S 

■ 

■ 

■ 

4S 

EXECUTIVE JUDGMENT 

SELECTION OF EMPLOYEES. DECISIONS 

ABOUT WORK 

3 

■ 

■ 

■ 

■ 

3, 


3.5 

■ 

■ 

■ 

B 

AVERAGE 

m 

EB 

m 

m 

_ 

m 

1 .^— .1 

m 

_ 

a 

_ 

m 


Figure 98. Report Form for New Employees 
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sideration to two qualities: (1) the production efficiency in the present 
occupation, and (2) the degree of leadership demonstrated. 

Labor Turnover. —The cost of labor turnover has been variously 
estimated at from $10 to $300, depending upon the class of labor and the 
circumstances incident to its employment. Certain direct costs of the 
employment department are evident. Indirect costs include expense of 
training, spoilage, smaller output, less effective use of machinery and 
equipment, and the possible interruption to production occasioned. At 
times the annual labor turnover rate has risen as high as 250% or 300% 
in many companies. Data covering plants in several industries give the 
following figures.® 


Average Labor Turnover 


Reasons for Separation Per Cent 

Quits . 7.44 

Discharges . 1.32 

Layoffs . 40.44 

Total . 49.20 


Discharges are becoming fewer due to more careful selection of em¬ 
ployees, a changing attitude toward unionization as well as an increase 
in union strength, and a realization of social responsibility. Layoffs be¬ 
cause of varying production schedules are less in number, but still a 
serious problem. 

Stabilization of employment has a beneficial effect in increasing the 
grade of employees and improving worker morale and effectiveness. Lack 
of a steady job has been one of the worker’s chief worries. Certain sepa¬ 
rations are recognized as normal and to be expected, but the employer 
may well note how his ‘"quit” rate compares with that of other progres¬ 
sive firms. Any differences should provoke inquiry. Personnel relations 
work should have a pronounced effect in decreasing the rate of labor 
turnover. 

The Exit Interview. —It is a growing practice for the personnel 
department to interview employees who leave as well as those who apply 
for work. Workers who leave may do so for reasons which the company 
would like very much to know. Valuable information may be obtained 
at this time on the attitude of the employees toward the company and its 
employment policies. The interview also serves as a check on the ability 
of the personnel department to select desirable workers and place them 
in the correct positions. In an effort to lower unnecessary labor turn- 

^ Monthly Labor Review, issued by Department of Labor, Washington, D. C. 
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LaTOURNEAD EXIT INTERVIEW FORM Date, 

Employee* B Name_ Clock No., 

gnftlirsllg!!___Esrsssjii _ __ 


I. Experience ; 

Starting Present 

Date H«gwn p«it» Per Hr._Rate per Hr._Per Week, 

Starting _Present Jofc 

What adxanceDent has he had?_ 

Has he worked on standards?_Average weekly index?_ 

What seniority la he losing by leaving here?_ 

II. Separation ; 

Does he agree with "Reason for Leaving" shown bn Stop Card?_ 

If not, what la his statement?_ 

Has he seen foreman’s recommendation for ^«*nipin 3 WBmit? 

What do you feel is his general attitude? Hostile_Vengeful_ 

Unfair treatment_Reasonable_Appreciative_Favorable_ 

Has this Interview improved his attitude?_>__ 

Did he mention unemployment compensation?_ 

Was Information given him on unempl. comp.v_ 

Has he had a bad accident here?_When?_What?_ 

Is there an unsettled compensation case in his name? . ... ■ ■ . 


III. Opinions ; 

Would he advise his friends to work here?_Why?_ 

What does he think of the future we offer?_ 

Would he want to work here again?_Same D»pt? Smbb Job?_ 

What does he think of our: First Aid Department?_ 

Personnel Ti»pwT»tiiiwTit? 

Attitude toward our anployees?_... .. 

What suggestions can ha make to Improve this Company? — 

On working nnndttlonB? 

On wage rates and pay?___ 

On hours of work?_ 

On Supervision?_ 

On Training?_ 

On - 

17. Where is his new Job?_What?_ 

When to start?_What rate per hour?_Hours per week 

What opportunities are there?_ 

If he has no Job would he like our help in getting one?_ 

Does he realize the difficulties of getting another Job?_ 


Figure 99. Form Used in Interviewing Employees Who Leave 
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over, to eliminate causes for quitting, and to foster a friendly ex-employee 
and public altitude toward the company, this practice has proved of real 
value. It is not unusual at such a time to find real and imaginary griev¬ 
ances expressed against the company. Hence the interviewer must 
possess considerable tact in order to conduct a successful investigation 
and promote a friendly feeling. Figure 99 shows the first page of the 
form used by R. G. LeTourneau, Inc., in reporting the results of such 
interviews. 


ECONOMIC SECURITY 

Under this heading many companies engage in activities which are 
designed to supplement or stabilize the employees’ income. The purpose 
is largely the same as that expressed in social security legislation, and 
in point of time economic security plans were in force in most progressive 
companies many years prior to the passage of our social security acts. 
Industry has recognized its obligation to aid the economic status of its 
employees in ways that go beyond the mere payment of a periodic wage. 
It has also recognized its obligation to employ an equitable proportion 
of various age groups, although often no definite policy is pursued along 
this line. 

Age of Workers. —Not many workers under 17 years of age are 
employed in industry. In some cases the minimum hiring age is 18 or 
20 years. A lack of effectiveness due to immaturity, minimum wage 
rates, and liability to accidents are causes. For a time there seemed to be 
discrimination against workers over 40 years of age. They did not fit 
into pension and retirement plans, and were probably less productive 
in advancing years in some occupations. This is no longer generally 
true, however. 

“The increasingly wider use of labor-sparing machinery in steel mills 
has greatly lightened the toil required in steel operations, and this has 
made possible the employment of a larger proportion of older men.” ^ 
This is typical of the situation throughout industry. The use of more 
complex and highly perfected machines has placed greater emphasis upon 
the value of experience, judgment and dependability. The employable 
males in the United States over 40 years of age are about 42.5% of the 
total. In the steel industry, which is typical of many others, 40% of its 
employees are 41 years of age or over. 

Life and Accident Insurance. —Four types of group insurance pol¬ 
icies are offered: namely, (1) life insurance, (2) accident and health 


^ Executives* Service Bulletin, Metropolitan Life Insurance Company. 
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insurance, (3) accidental death and dismemberment insurance, and 
(4) group annuities and pensions. Group insurance starts when earning 
power stops. Policies are written to cover not less than fifty employees 
and, when the employees contribute, the law requires that at least 75% 
of the employees to whom the insurance is offered be insured. If em¬ 
ployees are actively employed when they become eligible no medical 
examinations are required.® This feature enables about 30% of those 
covered to secure protection not otherwise obtainable for physical reasons, 
age, or cost, and increases the value of the average worker’s estate about 
150 per cent. When two or more kinds of group insurance are to be 
written covering the same group, they may be combined into one 
‘‘package,” or blanket policy. 

In contributory plans the employee contributes from 50% to 75% 
of the premiums. The gross cost for group life insurance is ordinarily 
less than 1 % of payroll, and under the contributory plan the cost to the 
employer is about I % of the payroll. Some companies pay all the 

costs of group insurance, but the usual arrangement is for employees to 
pay a part of the cost as indicated. 

The amount of life insurance which any individual may carry under 
a group policy is fixed by his occupation or classification and may not be 
more or less than this amount. It may be (1) a fixed sum the same 
for all employees, (2) varying amounts as determined by wage or occu¬ 
pation groups, and (3) increasing amounts based on length of service. 
New employees are not insured until they have been on the payroll for 
a minimum period of three or six months. A minimum of $500 per 
employee is usually required by the insurance companies. $1,000 of 
insurance may be provided for those earning less than $1,500 a year; 
$2,000 for those earning up to $2,500; and so to a maximum of $10,000. 
Length of service plans usually begin with $1,000 of insurance on a con¬ 
tributory basis after three months of service, with later increases paid 
for by the employer. These might amount to increments of $200 per 
year until a maximum is reached, as $3,000 after ten years. 

Insurance protection is continued during layoffs, leave of absence or 
physical disability, provided the employer continues premium payments. 
If an employee leaves tlie company he may obtain individual insurance 
in the same amount without a medical examination. The premium will be 
based upon his age and class of risk at the time. 

Group accident and health insurance pays weekly benefits for tempo¬ 
rary or permanent disability resulting from sickness or from non- 

® Under a plan where the employees contribute part of the cost of group insurance, 
those who do not elect the plan within three months of the time they are eligible must 
pass a physical examination. This provision is valuable in stimulating immediate accept¬ 
ance by all eligible. 
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occupational accidents.® Plans vary, but the usual policy provides a 
waiting period of seven days, and a benefit period of 13 or 26 weeks. 
Benefits for sickness are limited to the maximum indemnity paying 
period in any twelve months in the case of employees over 60 years of 
age. An example of the plan is as follows: 


Amount Accident 

Weekly of Life and Sickness Employee’s 

Earnings Insurance Benefit Contribution 

I. ,js than $25. $1,500 $10 weekly $ .35 weekly 

$2j to $40 . 2.000 15 “ .50 “ 

$40 and over. 2.500 20 “ .65 “ 


The cost of group accident and health insurance varies with the risk, 
but will amount to from $10 to $12 a year for each $10 weekly benefit. 

Group accidental death and dismemberment insurance is issued only 
with group life or group health and accident insurance. It provides for 
benefits in event of accidental death or dismemberment resulting from 
occupational or nonoccupational accidents, or the latter only as desired. 
For full coverage, the cost varies with the risk from $1.17 to $5.85 per 
$1,000. When nonoccupational accidents only are included, the rate is 
$1.17 per $1,000 for all classes. 

Annuities and Pensions. —Group annuities and pension plans pro¬ 
vide a means for assuring employees an adequate retirement income. 
Government pension plans will probably never ])rovi(le for more than 
the very minimum of needs. Most company plans provide for monthly 
retirement income of 1%> to 2% of the individual’s average earnings 
multiplied by the number of his years of service. The normal retire¬ 
ment age for men is usually 65 years, and for women, 60 years, hut 
this may be varied and to a certain extent he optional wuth tlie employee. 

Large companies may elect to finance their own pension plans, l)ut 
the trend is in favor of insurance company financing. In the past un¬ 
sound financing has caused many pension plans to fail. Insurance com¬ 
panies enjoy greater stability than individual commercial enterprises, 
and offer a guaranty of performance which the latter with their changing 
policies and varying prosperity cannot assure. 

The educational work carried on among policyholders of group in¬ 
surance by the insurance companies is likely to raise health standards 
and eliminate accidents sufficiently to justify its cost, aside from the cash 
benefits paid. Visiting nurse service is maintained in several thousand 

® Compensation insurance carried under other policies cares for accidents on the job. 
This kind of insurance is required by law in most states. 
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Jvp9 of 
Group 
Insurance 

SURGICAL 

BENEFITS 

HOSPITAL 

INDEMNITY 

ACCIDENT 

AND 

SICKNESS 

accidental 

DEATH AND 
DISMEMBER. 
MENT 

LIFE 

Coverase 

Provided 

Reimburtement 
fortpccificdoper. 
•t ion* (while "ln> 
patient” in hot- 
pital) reiulting 
from norwKcupa- 
tionel accident or 
■irknets 

Daily Benefit dur¬ 
ing hospital con¬ 
finement due to 
non-occ upat iona 1 
accident or sick- 
ness 

Weekly indemnity 
for disability 
from non-occupa- 
tional accident 
or sickness 

Payment of full 
Principal Sum for 
accidental loss of 
life, limbs or sight 

Payment for loss 
of life from any 
cause 

Amounts 

S2.X) to $130.00 
for ipecified oper¬ 
ation* in arcord- 
artce withatched- 
ule 

$2 00 to $6.00 
daily, depending 
u^n plan ad^t- 

$3.00 to $40.00 
weekly, depend¬ 
ing upon plan 
adopted 

$300..$3,000. 

depending upon 
plan adopted 
(higher if with 
group life) 

$300. . $20,000. 

depending upon 

plan ad^opted 

(perm is* ibic max. 

imum depend* on 

number insured 

and volume) 

Rates 


I3^ monthly per 
$1.00 for 31 day 
plan; 16.7# for 70 
day plan 

66# monthly per 
$10.00: plan pro¬ 
viding 7 days out 
for sickness. 13 
weeks limit 

10# monthly per 
$1,000. non-oc- 
cupational cover 

Average monthly 
premium per 
$1,000. usually 
approximates 80# 

Rate 

Qualifica¬ 

tions 

Where race or eei 
extra is indicated, 
rates are slightly 
higher 

Where race. sex. or 
industry extra is 
indicated, rate* 
are slightly higher 

Where race. sex. or 
industry extra it 
indicated, rates 
are slightly higher 

Rates for 24 hour 
cover range 
from lOf to 30r 
monthly depend¬ 
ing on industry 

Cost depends on 
age* of cm. 
ployccs actually 
insured and may 
be more or less 
than 80r per 
$1,000. 

Maximum 

Employee 

Contribution 

Entire cost 


Entire cost (ex¬ 
cept in Mas*, and 
Iowa) 

Entire Cost (ex¬ 
cept in Iowa) 

60# monthly per 
$1,000. if T rate 
applies 

How 

Written 

mBm 

On employees of 
a common em¬ 
ployer 

On employees of a 
common em¬ 
ployer 


On employees of a 
common cm. 
ployer 

Minimum 
Number of 
Employees 

30 

30 

23 

(30 in lowa> 

23 

30 

Age 

Limits 

70 and over ex¬ 
cluded 

70 and over ex¬ 
cluded 

70 and over ex¬ 
cluded 

70 and over ex¬ 
cluded ( unless 
in coniunction 
with life alone) 

None 

Medical 

Examinations 

None 

None 

None 

None 

None 

Special 

Features 

Provide* one-half 
benefit* for op¬ 
eration* ( 1 ) on 
ho*p it a Tout • 
patients (2) else¬ 
where than in a 
hospital 

Reimbursement 
for certain hospi¬ 
tal charges up to 

3 times the daily 
benefit 

Up to 6 weeks 
benefits payable 
for pregnancy. 
itKluding child¬ 
birth or mitcar- 
riage 

Provides payment 
of ' j Principal 
Sum for loss of one 
limb or sight of 
one eya 

Insurance on. 
tinues (or 31 days 
after employment 
terminates during 
which period con* 
version permit* 
ted 


Figure 100. A Summary Analysis of the Main Features of Modern Plans of Group 

Insurance 
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industrial communities. From information furnished by insurance com¬ 
panies it is estimated that group life insurance policies in effect in 1941 
protect more than 15 million employees, and have an aggregate value 
of approximately 18j4 billion dollars. To this must be added the protec¬ 
tion afforded by other types of group insurance to several millions of 
employees. 

Summary Analysis of Insurance Plans. —Figure 100 gives a sum¬ 
mary analysis of the main features of modern plans of group insurance.*^ 

Stabilization of Employment. —A steady job is essential to economic 
security. Union agreements in several trades make provision for a mini¬ 
mum number of weeks of work, in some instances 40 weeks, with at least 
part pay for idle time during this period. Most employers now realize 
the need for continuous employment in securing low cost production. All 
industries are endeavoring to avoid layoffs. This is accomplished by reg¬ 
ularizing production schedules, and by varying the work hours during 
peak and slack periods. Some firms definitely provide annual employ¬ 
ment ; others guarantee a minimum pay check of 60% of the weekly wage. 
In the latter cases the workers repay any unearned amounts from later 
earnings in excess of this amount. If the worker leaves, and it has not 
been possible to repay unearned wages within a given period, the sum 
is charged off. 

In the automobile industry efforts to stabilize employment by early 
introduction of new models and advance building of sub-assemblies 
brought the following results. 

1. Stabilization of aggregate employment evidenced by: 

(a) Reduction in range of fluctuation from 103% to 41%. 

(b) Variation within a range of less than 9% for nine months. 

(c) 30% to 50% reductions in labor turnover rates. 

2. Benefits to the individual workers: 

(a) Increase in steady jobs in two years from 51% to 69% 

of average number employed. 

(b) Winter work for 150,000 men, otherwise temporarily un¬ 

employed. 

(c) A $469 increase in the average income of all individual 

workers. 

(d) Increase in average income of steadily employed workers 

of $173. 


From data supplied by the Travelers Insurance Company. 
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(e) Higher annual earnings for typical seasonal workers in 
auto factories than the average for continuously em¬ 
ployed workers in most other manufacturing indus¬ 
tries. 

Variations in the normal demand for products are caused by more or 
less periodic major and minor business depressions and seasonal changes. 
The demand may be stabilized to an extent by simplification efforts, and 
the choice of production items which are standard at all seasons, or 
seasonal demands, which come at different periods. For example, a firm 
which imported and packed dates was accustomed to hiring 1,100 extra 
workers for four months a year to supplement the regular staff of 200. 
The company’s chemists experimented with keeping dates in cold stor¬ 
age before and after packing, which enabled them to prolong the packing 
period. Then by adding shredded cocoanut, canned figs, and sliced 
citron as side lines, regular employment was provided to the profit of 
all concerned. 

In addition to varying the length of the w'orking day and working 
week, vacations may be scheduled for dull periods. The difference in 
production time of a 40-hour week and a 50-hour week is 20 %, De¬ 
creases in output l)elow the normal are not often greater than this. Shift¬ 
ing men from one employment to another also aids in maintaining regu¬ 
larity of employment. Where goods can be produced ahead for stock, 
reservoirs of finished goods act as a buffer between demand and rates of 
production. 

Unemployment Wages.—Unemployment compensation for workers 
is provided for by law. In some states the funds which accrue in the 
state treasury from taxes on payrolls are credited to separate employer 
accounts. This is known as the American plan. In other states the tax 
contributions are pooled in a common fund. This is known as the Euro¬ 
pean plan. Under the American plan when the accumulation in an em¬ 
ployer’s reserve account amounts to a stated amount per employee his 
contributions are reduced; if a specified larger amount, they are sus¬ 
pended. The cost of unemployment wages to an enterpriser is directly 
proportional to his unemployment. Under the European plan, the em¬ 
ployer w'ho creates a large amount of unemployment pays at no higher 
rate than does the one who has stabilized his employment. State laws 
vary considerably, but that of Illinois is indicative of the cost and benefits 
of this type of legislation. 

For any year an employer’s contributions (taxes) may be raised to as 
high as 3.6% of his payroll or lowered to as low as nothing—depending 
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upon the balance shown in his individual merit rating account. Em¬ 
ployees who are eligible and qualified may receive maximum benefits in 
any one year of $520. The Act provides for a weekly benefit of 5% of 
the worker’s highest quarterly earnings during the preceding calendar 
year (but not over $20 nor less than $10 per week) for a maximum of 26 
weeks. The number of benefit payments depends upon the weeks of 
employment, and the amount upon the wages paid. Eligibility for l)cne- 
fits involves ability and availability for w^ork, and a one-wxek waiting 
period. The law applies to all firms employing six or more individuals. 

Thrift and Savings Plans. —^As an encouragement to employees to 
help themselves, thrift and savings plans are effective. Christmas and 
vacation savings clubs are popular. Arrangements are made for deduct¬ 
ing a certain amount from the employee’s pay each week and placing it 
to his credit with the company or a local bank. An attractive rate of in¬ 
terest may be offered to encourage saving, or bonuses awarded. With¬ 
drawals may be made at any time. 

Money in the pocket is easy to spend, but a dollar or two a week de¬ 
ducted from wages is not missed. Cash in savings funds will provide for 
emergencies and incidentals for w'hich workers without savings accounts 
find themselves unprepared. They foster the saving habit, make possible 
the initial payment on a home, shares of the company’s stock, or some¬ 
thing else desired. 

Credit Unions. —A credit union is an organization of persons having 
a common interest, to promote thrift and to establish a source of credit 
for themselves by creating a safe, convenient, and remunerative joint 
savings institution. Its basic principle is cooperation and mutual aid. 
They are organized under a state or Federal charter. A credit union 
provides a savings plan, with the funds available for loans to members at 
lower rates than otherwise available, yet permitting attractive dividends 
upon invested funds. 

The interest rates of regular finance companies amount to from 36% 
to 42% a year in many states. The credit union with its selected meniber- 
bership and opportunity to approve loans offers funds to members at 
one per cent a month on unpaid balances. Loans are made for provident 
or productive purposes. Those of from $50 to $100 do not require other 
security than the signature of the applicant.® Greater amounts would 
require signatures of fellow workers or acceptable collateral security. 
The assets of credit unions are required to be in liquid form, and short 

® The law in Illinois has recently been amended to permit unsecured loans up to 
$300. The extent to which this privilege will be utilized, or prove to be good practice 
is yet to be determined. 



Ch. 19] EMPLOYMENT AND ECONOMIC SECURITY 339 

time loans only are made, to be repaid in small, monthly installments. 
I.osses are negligible. Loans may be covered/ by insurance so that in 
event of the death of the borrower the loan would be repaid by the insur¬ 
ance company. 

Employee Stock Ownership. —Ownership of industrial stocks by 
employees is a decidedly stabilizing influence in industrial affairs. The 
increase in such ownership is limited only by the ability and willingness 
of labor to save. Only stock which is listed on the stock exchange, which 
is marketable at any time, and which is “safer than most bonds'* should 
be purchased by employees. The privilege of purchasing a limited 
amount of common stock with preferred stock may be offered. In some 
few instances “employees' prior preferred stock" is issued, which has 
preference over all other stock as to dividends and assets, with special 
provision for cumulative and extra dividends. 

The amount of stock which an individual may purchase at a time is 
usually limited to a certain per cent of his earnings, as 10% to 25%. 
Attempts to pay for more would prove harmful rather than helpful. The 
prices quoted employees may be less than market prices. Some companies 
add a further incentive by paying an annual bonus, $5 per share or so, 
on employee-owned stock, and by paying to the employee the full divi¬ 
dend earned, even though the shares are only partially paid for. Stock 
ownership by employees constitutes a true partnership in industry, with 
every incentive for cooperation. Employee stock purchase plans are 
not as common as they were before the stock market crash in 1929, for 
the loss in values at that time constituted a hardship on those of moderate 
means. At [)resent most of such plans are limited to participation by 
executives, who can afford to take more of a speculative risk. 

Home Ownership. —The primary purpose of housing schemes is to 
provide adequate home and possibly community facilities at reasonable 
cost for purchase or rental, to bring workers closer to the plant, secure 
increased cooperation, reduce labor turnover and attract better workers. 
Home ownerships adds to the pleasure of family life, makes for better 
and more settled citizens, and hence better employees. 

In some lines, such as the mining and steel industries and the textile 
industry in the South, there has been need for the establishment of towns 
in order to provide adequate living quarters and satisfactory social con¬ 
ditions for employees. Other companies have cooperated in housing 
schemes by furthering the development of suburban districts. Still other 
plans less comprehensive have provided for financial aid and assistance 
to individuals desiring to purchase or build in established communities. 
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In planning communities, every effort is made to have them attractive 
and modern. City planning experts are retained and attention .given to 
boulevards, plazas, parks and playgrounds, the grouping of buildings, the 
establishment of civic centers, zoning of private property, and the pro¬ 
vision for various utility and municipal services. 

Even small homes may be of interesting and varied architecture, and 
built at costs which meet the need of prospective purchasers. They will 
necessarily need to be sold on easy terms. 

The era of the company town is passing. “They grew up in an effort 
to cut down labor turnover and unrest and to provide social controls 
necessary for the stability of industry and the good of the workers. Some 
were well and honestly managed, providing many educational and recrea¬ 
tional services which the w^orkers might not have enjoyed otherwise. 
Others were bad in every way with wretched housing and exorbitant 
prices at the company store. . . . There is no substitute for free home 
ownership.” ^ In this era of paved roads and automobiles workers may 
now live many miles from their place of employment. Education, recrea¬ 
tion and entertainment are no longer limited to city areas. 

^ “Company Towns Slowly Vanishing,” by Edwin C. Hill in his column, The Human 
Side of the News, 



CHAPTER 20 


THE PERSONNEL DEPARTMENT—OTHER PERSONNEL 

RELATIONS 

Influence of the Plant Upon the Worker. —Through its educational, 
health, and recreational activities industry strongly influences the type of 
life the worker will lead. The education of employees has a dollars and 
cents value for industry, but the long-term effect upon the culture and 
ideals of society as a w'hole is of even greater value. The health and 
safety departments of the plant also have done a great deal to further 
the general health standards of contemporary society. Likewise, interest 
in recreation, athletics, and hobbies has been furthered by industrial 
support in the form of organizational clubs, athletic teams, and vacations. 
In noting that the worker justly demands of industry the basis to live 
a human life we should also note that industry furnishes this basis not 
only through salaries and pensions but also through the encouragement 
of a multitude of interests, through concern with the worker’s health 
and life, and through the recreational facilities which it makes available. 
The plant environment is in many cases superior to the social environ¬ 
ment of the workers, and as such it provides an essential standard for 
social achievement. 

EDUCATION AND TRAINING 

Democracy should provide equal opportunity for all. Opportunity 
today knocks only where the prerequisite skills and knowledge are already 
possessed. In order to maintain a democratic culture under these con¬ 
ditions education must be available to all who desire it. Education within 
industry pays dividends not only to industry but to the worker and to 
society. It enables industry to train potential executives and specialized 
personnel. It enables the worker to seize opportunities and to keep his 
attention fixed upon the future and progress. It makes the social order 
an open one wdiere class distinctions are not hard and fast; where 
progress is possible and real. 

The industrial education program is i^^ually under the personnel 
department and is concerned with training for executives, college men, 
foremen, and apprentices. Specialized job training may be undertaken 
when experienced workers are difficult to obtain. Courses aimed at the 
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personal advancement of employees are usually conducted outside the 
plant either with or without company aid, but in all cases with company 
encouragement. 

Executive Education. —Formalized study for executives is seldom 
desirable because of varied individual aims and needs, yet this group 
deserves attention. General administrative intelligence is rarer than 
professional or technical talent, for sufficient breadth of understanding, 
constructive intelligence with regard to company afYairs, and ability to 
cooperate effectively are not ordinarily gained from performance of 
specialized tasks. 

Home study courses are good. Better, where available, are the off- 
campus classes being established by colleges and universities in some 
communities. Courses are offered in business and industrial organization 
and operation, labor management, accounting, and allied subjects. Junior 
executives and others interested who are qualified thus have specialized 
college training brought to them. Trade and technical magazines are 
informative with regard to trade and economic conditions. Factory Man¬ 
agement and Maintenance and similar magazines make available for study 
the policies and practices of many progressive concerns. The value of 
such material cannot be overestimated. Books dealing with the technique 
of every phase of business may be obtained in libraries and from pub¬ 
lishers. General reading of current literature is essential for an appre¬ 
ciation of social and world conditions, and of thb best thought with regard 
to them. Mental contact with people of widely different interests is truly 
educational. 

Training College Men.—I'he introduction of college men into busi¬ 
ness as potential executive material requires training which will adapt 
them to the needs of particular companies. As preliminary training, 
experience in various fundamental operating departments is desirable. 
This may then be followed by specialization in work leading to positions 
in manufacturing, selling, advertising, accounting and finance, research 
and statistics, or personnel relations. In this way each student gains a 
first-hand knowledge of production, understanding of the technique of 
management, appreciation of fundamental principles in operation, and 
greater proficiency in a selected phase of management. Above all, he gets 
perspective. 

Training programs are sometimes formally organized, with study 
assignments, lectures, and cjlass sessions in addition to work require¬ 
ments. More often, individuals are fitted into the organization, trans¬ 
ferred from one department to another, and given training in the various 
phases of work. 
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The Education of Foremen. —Foremen occupy an important position 
in the managerial organization of the company. They are selected frpm 
individuals who show a capacity for leadership, and possess the trade or 
craft skill necessary to direct the work of a group or section. They should 
have a knowledge of the company, its products, their uses, and the duties 
and responsibilities of foremanship. Subjects for study are the company’s 
history, its organization, policies, sales programs, factors in production 
costs, attitude toward labor, purpose and value of inspection, methods of 
cost reduction, the technique of shop management, the art of handling 
men, and the like. Knowledge of this kind explains to the foreman the 
zvhy of what he and others are doing, makes him a better and more loyal 
assistant, able to interpret the company and its policies to his men. 

The more immediate problems confronting the foreman should be 
taken up first. These will include man management, rating workers for 
promotion, shop conditions, the basis for setting rates, motion and time 
study, wage scales, production control, and the purpose and value of 
reports. Intelligence in these particulars finds ready application and leads 
to interest in more general topics. 

Formal education for foremen may be by means of (1) lectures, 
(2) the use of textbooks, or (3) the conference or discussion method. 
The immediate success of any plan is dependent upon appreciation of the 
use value of the subject matter. 

The lecture method is used successfully for getting across ideas and 
general information, and for inspirational talks. Good textbooks possess 
the merit of presenting subject-matter in tangible, permanent form, which 
is well organized, thorough, and comprehensive. Yet for foremen as for 
other students something additional is needed, and this is a competent, 
educational leader. Group discussions serve to interpret the text, trans¬ 
late it into use terms, and add interest. The expression of conflicting 
ideas and opinions does much to stimulate thought, develop reasoning 
powers, and add to the confidence of those participating. 

Texts chosen should be simply written, plain type used, and well 
illustrated. Statement of principle should be followed with examples, 
for shop men reason more readily from experience than from principles. 
That this is good educational procedure is suggested by Carlyle’s state¬ 
ment : “He is most original who adapts from the greatest number of 
sources.” The difficulty with textbooks is that they are necessarily gen¬ 
eral, and less effective than if written for the particular industry or plant 
where they are used. Much of the benefit of textbook courses comes from 
organized discussion at frequent meetings. Some of the larger concerns 
])repare mimeographed text material covering plant practices, and this 
is doubly interesting and effective. 
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The conference method suggests group meetings of foremen, prefer¬ 
ably about a table, for the consideration of common problems and for 
instruction. The topics to be considered should be known in advance, so 
that each individual may be prepared to present his experience and ideas 
or make known his difficulties. To be effective, conferences require a 
leader skilled in the direction and control of discussion. The use of 
some text material, and occasional talks or lectures are usually advisable. 
At the close of each meeting the leader will do well to summarize the 
ideas brought out, and suggest their application. In this way each 
participant will carry away tangible, usable ideas which he has helped to 
crystallize. 

There is a considerable magazine and book literature of value to 
foremen. Classes are also organized and conducted by specialists in the 
field. This movement reaches the small shops and isolated factories 
through the formation of plant and city foremen's clubs. The larger 
concerns profitably work out courses of their own. In the Westinghouse 
Electric and Manufacturing Company, men taking foreman training may 
work in the time study, scheduling and planning, and cost departments. 
From this they learn not only the mechanics of the game, but what is 
more important, the spirit of the game. They see the need of leadership, 
techniques of control, of fair play and a cooperative spirit. 

The cost of foreman education is nothing compared to the cost of 
the lack of it. 

Apprentice Training and Job Training. —Apprentice training is 
enjoying a well-merited revival. For a number of years the demand for 
machine operators made it possible for young men with little experience 
to earn abnormally high wages. Under these conditions few were willing 
to serve long periods of apprenticeship at nominal wages. During the 
depression years apprentice training was discontinued in many plants. 
With a return to normal, the constant and growing demand for skilled 
tool makers, machinists, and machine builders asserted itself. Capable 
craftsmen for these jobs are available only after several years intensive 
training of good men, however, and this must be provided. 

Many of the larger companies have apprentice training schools which 
offer responsible young men with high school training an opportunity to 
spend three or four years learning a trade, receiving an increasing 
although nominal wage while doing so. Firms in some industries con¬ 
tribute to trade schools which serve the industry, such as the textile 
schools in New England. In Milwaukee and other industrial cities 
vocational schools are established which set up related training courses 
for the various occupations in which apprenticeships exist, and through 
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advisory committeeg determine what should be covered in the curricu- 
lums offered. There are over forty occupations /in which such apprentice¬ 
ship arrangements are offered in the Milwaukee area. In this way even 
small firms may train apprentices effectively, and thus the burden of 
such training is not carried solely by the big concerns. The scheme has 
proved exceedingly popular and attracts large numbers of high-grade 
young men into industrial work. The development of this plan may well 
result in a national movement, effective not only in training apprentices, 
but in preaching the dignity and value of industrial education and work. 

Vestibule--SldiDolsv--- Vestibule schools may be used to train workers 
for a particular job or aid in apprentice instruction. This training is 
carried on apart from production in a special part of the plant or in a 
separate shop, and is usually of brief duration. Some marketable output 
is obtained, but much spoiled work is to be expected. An objection is 
that the expense of installing equipment and salaries of instructors neces¬ 
sarily entails a considerable initial cost and high overhead. With an 
uneven demand for workers difficulty is experienced in utilizing to 
advantage the various kinds of equipment. The vestibule school idea is 
most useful for quick training in a week or two for small assemblies. It 
may be entirely impractical for many jobs, as on heavy lathes, planing 
mills, and the like. Workers trained in a vestibule school to operate a 
particular machine may wish later to return and qualify for other tasks. 
Inducements should be offered for doing this by paying part of the 
worker’s wages while in training, and by increasing his hourly rate when 
he returns to the shop. 

Training Under Actual Conditions of Production. —^Training in 
the shop under actual working conditions is often more economical and 
more effective than the vestibule school idea. Beginners are placed 
under foremen who may give time to this work, or under assistants who 
act as instructors. The latter individuals may be delegated from the 
central training division for the purpose, or may be assistant foremen, 
or skilled workmen who have some ability and willingness to impart their 
trade knowledge to others. In the latter case extra compensation is 
usually given for this service. 

If training is being given for a particular job, the period of prepara¬ 
tion will be short. If more comprehensive training is offered, its adminis¬ 
tration should be centralized in the personnel department, and a constant 
check made to assure that apprentices are maintaining interest, making 
progress, and getting a variety of experience. Without executive interest 
shop foremen may keep beginners on a narrow range of w^ork, ignoring 



346 INDUSTRIAL MANAGEMENT [Ch. 20 

the aim and expectation of apprentices to become proficient in all phases 
of the trade. 

Apprentice training may also be combined with part-time continuation 
of school work when the apprentices have not received the required 
amount of public education. 

Education of a More General Nature. —In the larger companies 
many courses of study are open to employees. These are intended to aid 
the worker in securing knowledge of business principles and an under¬ 
standing of the business in which the company is engaged, and in attain¬ 
ing proficiency in the performance of particular tasks. Advantage may 
also be taken of courses in local institutions, part or all of the expense of 
tuition of courses completed being refunded by the company as a means 
of encouraging ambitious employees to profit by educational advantages. 

Correspondence school courses of worth are available. Not many 
persons, however, have the ability, courage, and persistence necessary to 
follow these courses through to completion. Isolation, adverse study 
conditions and lack of preparation and fitness for the work undertaken 
cause many failures. Those with sufficient basic training find these 
courses admiral)le as an avenue leading to proficiency in technical or 
professional courses. Extension correspondence courses and the off 
campus classes conducted by colleges and universities are stimulating and 
worthwhile. 


HEALTH AND SAFETY 

The direct influence of the industrial health and safety programs upon 
the standard of living and the average length of life has been great. The 
safety movement, beginning with an attempt to protect the worker from 
accidents, has expanded into a plan to protect the worker from all indus¬ 
trial hazards and to insure his good health on the job. Health on the 
job naturally means health off .the job, and the benefit is real both to 
society and to the worker. Industrial health programs carried out as they 
are under the supervision of qualified medical authorities have familiar¬ 
ized people with up-to-date medical procedure, and shown them how 
much they can expect from medical care. It is no exaggeration to say 
that the general standards of health and the extent to which medical care 
pervades society have been increased by industrial health programs. 

The Beginning of Safety Work. —The safety movement had its 
beginning in 1892 at the Joliet Works of the United States Steel Cor¬ 
poration. A ‘‘safety inspector” was appointed in 1893, and in 1906 the 
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movement was extended to other plants of the corporation. A growing 
interest throughout industry in accident prevention was crystallized in 
the organization of the National Safety Council in 1913. 

Accidents a Social and Economic Waste. —For many years workers 
and managers failed to cooperate effectively in accident prevention efforts. 
Workmen were careless, even reckless, taking chances needlessly. Super¬ 
intendents and foremen condoned practices and working conditions which 
resulted in many injuries. To the human suffering was added the eco¬ 
nomic hardship imposed upon the families of those injured. Public 
opinion, legislation, and a growing realization of the cost of accidents in 
men and money were influencing factors too strong to be resisted. Today, 
safety is a primary consideration in all industrial activities. 

Progress in Making Jobs Safe.—The records of the National Safety 
Council show that within a twelve-year period the frequency rate (dis- 
al)ling injuries per million man-hours of exposure) of accidents was 
reduced 68%, and the severity rate (days lost per 1,000 man-hours 
worked ^), 45%. Some outstanding accomplishments in individual plants 
are as follows: 

The Western Clock Company, LaSalle, Illinois, operated 11,114,600 
man-hours without a lost time accident; - E. I. du Pont de Nemours & 
Company, Old Hickory, Tennessee, 6,116,634 man-hours; United Shoe 
Machinery Corporation, Beverly, Massachusetts, 8,472,248 man-hours; 
and the Remington Typewriter Company, Syracuse, New York, 6,145,514 
man-hours. The Western Electric Company, Hawthorne Plant, Chicago, 
decreased its accident rate 95% in ten years. 

Planning for Safety. —Safe buildings and environment are a necessary 
first step; then come machines and equipment designed for safety, and 
mechanical safeguards. Lighting, air conditioning, and plant house¬ 
keeping are important considerations. 

The Human Element in Safety. —Safe workmen are those physically 
fit, mentally alert, trained, educated, and cooperative in safe ways of 
working. A safe plant and safe workmen are a result of real manage¬ 
ment interest not only among supervisors and subordinate executives, 

^ This rate includes arbitrary charges for permanent disabilities and deaths, in 
accordance with a standard scale. 

“ Lost time accidents are those where time is lost other than on the day or shift on 
which the injury occurred. 
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but of the chief executive. The education and training of workers in 
safety is a task which is never finished. Experience indicates clearly that 
when efforts are relaxed, accidents increase immediately. 

Youthful workers and those inexperienced in the work being done are 
especially likely to suffer accidents. (See Figure 101.) The beginner is 
awkward in work habits and the work situation is likely to provoke 
mental confusion. An older worker on a new job or shifted to a new 
department will to a lesser extent have difficulty in adjusting himself, 
but may be injured while doing so. The exuberance of youth is reflected 



Figure 101. Distribution of All Accidents by Age Groups 

(Data cover 67,344 accidents to an average of 24,339 employees over a 4-year period) 


in pranks, inattention to the task at hand, and a lack of care. Older 
workers become familiar with common hazards, and may tend to disre¬ 
gard safety practices. Figure 102 shows the favorable influence of age 
and experience upon the accident rate. 

Work for women in industry is less hazardous. The work is light, 
men porters do the lifting and carrying, and less danger is involved in 
attending or operating machines. Fewer accidents occur within this 
group. 
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Length of Service 


Accident Summary—All Workers 

Number of 


Length of Service Accidents 

Less than 1 month. 52 

1 month, less than 3. 80 

3 months, less than 6. 75 

6 months, less than 12. 100 

1 year, less than 2. 51 

2 years, less than 3. 26 

3 years, less than 5. 23 

5 years, less than 10. 90 

10 years and over. 66 

Total . 563 


Accident Summary—Operating Department 

Number of 


Length of Service Accidents 

Less than 1 month. 27 

1 month, less than 3. 30 

3 months, less than 6. 42 

6 months, less than 12. 68 

1 year, less than 2. 36 

2 years, less than 3. 18 

3 years, less than 5. 19 

5 years, less than 10. 43 

10 years and over. 37 

Total . 320 


Note: Accidents are classified as Lost Time Accidents if the injured employee loses a full 
day or more from work after the day on which the accident occurred. 

Figure 102. Distribution of Lost Time Accidents by Length of Service 
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Causes and Responsibility for Accidents. —The National Safety 
Council records disclose the main causes of accidents in industry to be 
as follows: 

Per Cent of 


Cause Accidents 

Handling objects . 25.9 

Falls to a different level. 8.7 

Falls to the same level.. ..1. 9.5 

Machinery . 12.0 

Vehicles . 10.9 

Using hand tools., 7.6 

Falling objects . 8.7 

Stepping on or striking against objects. 5.6 

Electricity, explosives, heat . 3.6 

Harmful substances . 2.1 


In an analysis of a large number of lost time accidents re.sponsibility 
was placed as follows: 


Responsibility Per Cent 

Employee’s . 38 

Carelessness of others. 6 

Trade risk . 18 

Supervisory . 7 

Faulty equipment. 4 

Poor housekeeping . 3 

Faulty practices and methods. 3 

Lack of safeguards. 3 

Divided responsibility . 18 


From these data it is apparent that most effort must he directed to 
educating workers in safe ways of work. 

Organization and Education for Safety. —Every person connected 
with a plant must be made safety conscious and safety minded. The 
executive management may work through a permanent central safety 
committee limited in number. This group will meet with the operating 
superintendent at stated intervals, and reach the rank and file through a 
plant safety committee made up of representatives from each department, 
and with a rotating membership. In time a large proportion of the 
employees may serve on this committee. 

Ways of interesting and educating the workers are many and varied. 
Bulletin boards and posters are generally used. Literature is distributed 
in pay envelopes; articles are written for the plant magazine, and safety 
campaigns and contests are held. Constant educational effort is the prin¬ 
cipal means of reducing accidents. 

Why Accidents Occur. —To ascribe accidents to carelessness is in 
many cases insufficient, and underlying causes should be ascertained. 
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The why of carelessness is the real problem. There is a direct relation^ 
ship between accident frequency and health. Mental or physical slug¬ 
gishness from any cause results in accidents. Fatigue may contribute to 
accidents to some extent. The accident rate increases during the first 
three hours of the morning period, decreasing the last hour. The trend 
is similar in the afternoon, excepting the peak is lower than in the 
morning. The fact that the accident rate for the afternoon period is 
lower, tends to eliminate industrial fatigue as an important reason. 

, Safety on the Job.—For a typical industrial group it was found that 
for each lost time accident in the plant, three such accidents were sus¬ 
tained by members of the group outside. No deaths resulted from plant 
accidents, but fourteen fatalities resulted from injuries to workmen in 
accidents outside the plant. 

«> 

The Cost of Accidents.—^Accident insurance covers medical costs, 
and compensation awards reimburse the worker in part for lost time. 
Direct costs under favorable conditions may approximate $1.75 to $2 
or more per 1,000 labor hours. The employer finds, however, that the 
indirect costs of accidents not covered by insurance exceed the direct, 
insurable costs from four to eight times. Accidents within the plant 
result in absences from work of about one-half day per employee, per 
year. The cost of accidents includes: ® 

« 1. Time lost by injured employee. 

2. Time lost by other employees through curiosity, sympathy, or aid 

to injured employee. 

3. Time lost by foreman or other executives in giving aid, inves¬ 

tigating cause, selecting, training, and breaking in a new 

employee, preparing insurance and state reports, attending 
■ hearings. 

4. Damage to machines, tools, materials. 

5. Interference with production, failure to fill orders on time. ^ 

6. Payments by employers under employee benefit systems. 

7. Wages continued in full or in part, although injured employee 

may not earn them because of incapacity. 

8. Profit lost on injured employee's productivity. 

Health and Physical Fitness.—Illness is the cause of lost time to the 
extent of about seven days for men workers, and nine days for women 
workers a year. An almost equal loss is probably sustained due to 
workers who are indisposed, but remain on the job. These losses can 

® “The Good Safety Job Can Always Be Done Better/’ by John Stillwell„ Factory 
Management and Maintenance^ Vol. 98, No. 2. 
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be materially reduced by air conditioning and health programs. A New 
England company estimates an average direct loss due to these causes for 
each man employed of $60 per year, with an even greater indirect loss 
to employees and the community of $67 per year. The former figures 
include cost of replacing men, idleness, and lowered efficiency of return¬ 
ing workers; the latter, loss of wages, reduction in earning capacity, 
medical expense, public expense, and charity. 

Functions of the Plant Medical Department. —^The functions of 
the plant medical department may be outlined as follows: 

1. Physical examinations. 

Of prospective employees. 

Of employees returning to work following illness. 

Of employees undertaking new jobs, if there is any question 
as to their physical fitness. 

Of employees who feel that their health is being injured. 

. Periodic re-examination of all employees. 

2. First-aid service. 

3. Possible home or hospital medical attention. 

4 . Regular inspection of plant and grounds from a health stand¬ 

point, 

5. Promotion of health education, and counsel with cmj)lovecs on 

health problems. 

6. Cooperation and influence in community health conditions and 

standards. 

Applicants for work should be passed upon by the medical department 
before being employed. Those with communicable diseases or serious 
physical or mental defects can thus be eliminated, and individuals chosen 
^ for each job >vho are physically suited to the work. Re-examinations of 
all employees, including executives, at regular intervals, call attention to 
htinor pains and aches which may be the danger signals of serious dis¬ 
eases to foilow. Attention should be given to tests for sight; hearing and 
to dental inspections. Where glasses or dental work are required, they 
sh<mld be supplied at cost. Vision is of major importance in many types 
,of work; while dental deficiencies may be the unsuspected cause of 
physical ailments, which, although they permit persons to be on the job, 
Seriously lower vitality. 

nha First-Aid Department. —^A first-aid department is maintained to 
care for accidents and health service, and to the extent warranted, nurses, 
hospital service and medical attention are provided. All injuries, no 
matter how slight, should be cared for to prevent the grave dangers of 
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infection, suffering, loss of time, and possible permanent disability which 
may follow. Fortunately the working public is showing a greater appre¬ 
ciation of industrial medical service and its purpose, due to the educa¬ 
tional advertising of the Metropolitan Life Insurance Company and 
others, and to satisfactory experience with results. Certainly employees 
should appreciate the opportunity to secure medical service at the plant 
when suffering with headaches, colds, or other physical troubles. Fore¬ 
men should urge employees to avail themselves of this service, for 
experience proves that employees who do not do so are responsible for 
from 70% to 80% of time lost on account of sickness. A bulletin of the 
United States Public Health Service tells of a plant with medical service 
which has an 18% better attendance record than the plants without such 
service. The difference was attributed to less sickness. At the pres¬ 
ent time the general practice is not to extend health service into the 
homes. 

Plant Sanitation.—The sanitary condition of the plant should be sub¬ 
ject to the approval of the plant physician, and his interest and influence 
should extend into the community in all matters tending to eradicate the 
causes of disease and promote community health. Plant sanitation is a 
matter of administrative policy and effort, coupled with the worker^s 
cooperation. The latter is obtainable only at considerable educational 
effort in developing an appreciation of sanitation in the minds of workers. 
Clean, light, well-ventilated, orderly plants with well-kept and pleasant 
grounds are an asset. Employees like to work in them, accidents are 
reduced, lost time cut down, and morale improved. Sanitary practices 
need to be made natural practices, and in this effort the influence and 
example of foremen is of prime importance. 

Cost of Medical Service.—Small plants may utilize the part-time 
service of industrial physicians, or possibly provide a joint medical 
department for the benefit of participating neighl)orliood plants. 

The cost of medical service for employees varies from an v.verage of 
$7.53 for smaller plants with 500 or less workers, to $4.30 for plants with 
10,000 or more.'* 

Plans for Medical Care.—Plans for the medical care of employees and 
their families are operated or fostered by some companies. Community 
[)lans for medical care are also increasing. With these arrangements the 
individual may obtain all necessary medical care, hospital service, and 
nursing aid needed for himself and dependents for a nominal annual 

^ “Medical Care of Industrial Workers,” by the National Industrial Conference 
Board, Inc., Table 13. 
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charge. The “Plan for Hospital Care” in Chicago, available to employee 
groups provides the following services: 

1. Twenty-one days of hospital care in a year. 

2. Use of operating room. 

3. Maternity care. 

4. Drugs and dressing. 

5. Laboratory services. 

6. X-ray examinations. 

The plan does not provide for the doctor’s bill, or for private nursing 
service. The cost per subscriber, handled by payroll deduction, is as 
follows: 


For a subscriber alone the fee is. $ .80 a month 

For a subscriber and one family member the fee is- 1.50 “ 

For a subscriber and two or more members, regardless 
of number, the fee is. 2.00 “ 


Company plans in smaller communities provide all needed medical, 
hospital, and nursing service to employes and dependents for a cost in 
the neighborhood of $36 a year, sometimes less. 

The General Motors Corporation provides for hospitalization benefits 
for employees of three months’ service and upward of $4 per day up to 
70 days for a single disability, and for benefits of $10 to $150 toward 
defraying costs of surgical operations. Other hospital services are 
included. The cost to employees is 75^ a month. Life, health, and acci¬ 
dent insurance is provided for $1.23 a month. 

The E. 1. du Pont de Nemours & Company has a plan financed 
entirely by the company. It provides that all wage earners having one 
year of continuous service will receive full wages during disability from 
nonoccupational illness or injury for a maximum of three months, less a 
waiting period of two consecutive working days. 

REST AND RECREATION 

To a far greater extent than is ordinarily recognized the plant is the 
basis for social activity. The worker’s job affords an opportunity for 
meeting new people, making new friends, and entering into new activities 
and interests. This is especially true of large industries, but it applies to 
the smaller ones as well. The recognition of this fact through the organi¬ 
zation of clubs, athletic teams, the publication of a plant periodical, the 
installation of a cafeteria and a recreation room furthers this tendency 
and increases employee morale because these activities give to the em¬ 
ployee a desired social background to his work. 
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Plant Publications.—Plant publications are the accepted means of 
communication between the management and large groups of employees. 
Filled with personal items, humor, pictures, and announcements of em¬ 
ployees’ activities, they are read by all with interest. Week by week 
matters of policy, information about the business, and other informative 
material may appear, and the ideas and ideals of the company made clear 
not only to employees, but to their families. This material is likely to be 
read when the worker is in a friendly frame of mind, to be received 
without argument, and to leave a lasting impression. The plant maga¬ 
zine is perhaps the greatest single medium which may be used to weld 
a large force together and develop a unified plant spirit and loyalty. 

Restaurant Service.—So great is the importance of good food, served 
under conditions which permit the worker to eat without hurry, that a 



number of business organizations within the Chicago loop district have 
established private restaurants for employees. Some make no charge for 
service. Sufficient well-cooked foods of the right kind are often not 
provided in the worker’s home, or in his dinner pail, and eating places of 
a good kind servinir food at low prices may not be handy. For these 
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reasons the serving of meals to employees often becomes a necessary task, 
and may be expected to increase production from 5% to 10%. A wide 
variety of food is not essential, but it must be well-cooked, attractively 
served, and made available without delay. A well-balanced, hot meal in 
the middle of the day will do much to keep a worker efficient. He may 
be encouraged to eat this by serving a regular meal at a flat rate. Cafe¬ 
teria service is most popular, however. This permits those who bring 
sandwiches to supplement them with soup, coffee and pie, or other food. 
Whatever the form of service it is invariably provided at or below cost 
to encourage maximum use. 

Where cooked foods are not provided, milk and coffee and perhaps 
fruit and sandwiches are very often sold from trucks which go through 
the plant. The lunch habit in the middle of the morning is not an un¬ 
common one. Many plants think it desirable to have milk, coffee, soft 
drinks, candy, and sandwiches available at any time for all who are 
hungry. Lunches ward off fatigue and keep people cheerful. 

Employee Recreation. —Rooms for rest and recreation are a neces¬ 
sary part of plant arrangements. They may be merely places where the 
worker eats his lunch and then enjoys his noon hour, or they may be set 
apart for reading, study, dancing, movies, dramatic productions, orchestra 
music or band concerts, games and other enjoyment. The extent and 
degree of simplicity or luxury of these accommodations will vary greatly. 
They should be suitable. In the city, employees of small businesses will 
depend mainly upon facilities made available by the community. In small 
towns and isolated communities the company may need to make up a lack 
of community advantages. In the medium-sized town, especially, business 
interests should cooperate with civic authorities in providing parks and 
recreation areas. Opportunities for more wholesome and happy living by 
children contribute to family life. 

Plant Conveniences. —Women workers especially appreciate pleasant 
and comfortable rest rooms, which may have arrangements for cooking, 
including refrigeration service. For telephone operators and those who 
alternate work with rest periods, sleeping quarters are supplied. 

The morals, morale, and production efficiency of a factory working 
force may all be improved by intelligent attention to the subject of plant 
conveniences. 

Lockers, Wash Rooms, Etc. —Lockers, toilets, washing and bathing 
facilities, drinking watei, dressing rooms, and the like need to be ade¬ 
quate, air conditioned, well-lighted, and otherwise suitable and sanitary. 
Observation of the condition, extent, and location of these facilities in 
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many plants leads one to think that executives give little thought to such 
matters. Certainly many fail to appreciate the effect upon the workers of 
primitive conditions in these respects. 

Some plants are properly equipped; but with lack of upkeep toilets, 
lockers, and shower rooms become so unclean that the workers use them 
as little as possible, and consequently their utility is destroyed. The 
attention paid by the gasoline filling stations to the cleanliness of their 
rest room facilities shows the importance of this detail. 

In a single generation we have made the transition from employees 
with little school training and simple, often primitive living conditions, to 
a group mostly with high school training and reared in homes with con¬ 
veniences. They are sensitive to environmental conditions. Plant workers 
expect to come to work properly dressed in street clothes, and have the 
opportunity to change into work clothes in the plant locker room. In the 
evening they should be able to bathe, if the character of the work sug¬ 
gests the need, or wash, don street clothes, and depart invigorated and 
refreshed. 

(V)ol drinking water should be convenient to all. Fountains or other 
arrangements should be kept scrupulously clean, and be located in the 
open wliere light and air are plentiful. 

Athletic Teams.—The urge to play, the stimulation of friendly com¬ 
petition, the appreciation of physical prowess, and our inherent love of 
outdoor life are shown in the appeal wliich games and athletic events 
have for all. Athletics suggests strength, health, vitality, and a lively 
interest in life. To encourage plant athletics is to foster a wholesome 
side of man's nature, add interest to daily work for all in the plant, and 
]>rovide beneficial recreation for many. It is an antidote to radicalism, 
bad associations, and time spent in unhealthful ways. Athletics brings 
the play spirit into business and industry. 

Tlie usual and more easily arranged games are bowling, volley ball, 
basketball, tennis, and baseball; but boxing, wrestling, track events, golf, 
and trapshooting find a place. The lighting of athletic fields at night has 
brought increased interest and participation in softball and other outdoor 
sports. 

.Small concerns will have limited facilities for organized play, and must 
necessarily depend upon community recreation centers. With larger 
employee groups and the provision of gymnasiums, grounds, and equip¬ 
ment, departmental competition will develop, and as an outgrowth, com¬ 
pany teams wdiich compete with those from other factories or in open 
tournaments. Annual field and picnic days are big occasions in many 
organizations. 
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Vacations for Employees. —The practice of granting vacations with 
pay to all employees has proved good management policy. The “why” of 
a vacation, whether for manual or office employees may be summed up 
as follows: ® 

1. It provides relief from the monotony, strain, and intensity of 

work, and results in renewed energy and vigor. 

2. It has a good effect upon absenteeism; an employee is much less 

inclined to take a day off now and then if he is assured of a 
reasonable rest period some time during the year. 

3. It has a tendency to reduce labor turnover, especially when the 

extent of the vacation is based on length of employment. 

4. It provides a period for rest and relaxation with freedom from 

worry about the loss of earnings needed for the family’s 
support. 

The length of the vacation period may be the same for all employees, 
vary with length of service, or be partly dependent upon a satisfactory 
record of attendance. Arrangements may be made for all workers to take 
their vacations at the same time, excepting the few necessary in the office 
or for maintenance work. Other plans call for vacations to be scheduled 
during the summer months, with a minimum of interference with activ¬ 
ities. Employees with a year of service may be granted a vacation of 
one week ; those with longer service, two weeks. Vacations of three and 
four weeks are sometimes granted to older employees with long and 
satisfactory service records. 

A vacation with pay should not be granted unless the worker will use 
the time for recreation; neither should the option be given of accepting 
extra pay in lieu of a vacation. This practice negates the beneficial effects 
gained from the vacation plan. 

* Pamphlet, “The Why of a Vacation,” by the Metropolitan Life Insurance Com¬ 
pany. 
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FATIGUE AMONG WORKERS 

The Burden of Fatigue on Industry. —The ease with which work is 
accomplished greatly affects productivity. Tired workers are slow, inac¬ 
curate workers, liable to accident. Important, too, is the realization that 
the best employees avoid jobs which are unduly exhausting or wearisome. 
It has been the practice in the past to include “fatigue allowances” in 
production job times. The money value of these allowances when hun¬ 
dreds and sometimes many thousands of workers are employed by a 
single company amounts to thousands of dollars, and in some cases a 
million or more annually. Recognition of these facts has led to a study 
of fatigue causes and an analysis of the economic and social aspects of the 
subject. In recent years increasing emphasis has been placed upon simpli- 
fying work situations and perfecting work arrangements to minimize the 
physical effort required in doing work. 

The progressive firms in business and industry have demonstrated 
that it is good management to provide excellent working conditions in 
all respects. Dirt, gloom, and drudgery are no longer acceptable. Work¬ 
ers expect to and do complete a day’s work physically and mentally eager 
for further participation in domestic, social, and citizenship activities. 
This is as it should be. The emphasis is shifting from the necessity of 
working to live to the art of living. The elimination of unnecessary 
fatigue, more attention to the comfort of employees, and the greater utili¬ 
zation of intelligence and skill, make jobs more attractive. Social distinc¬ 
tions between the shop and office disappear; better morale and plant spirit 
result, and this influence carries over into the community. From many 
viewpoints it pays to use the employee’s back less and his mind more. 

Causes of Fatigue. —The productive capacity of the individual is a 
result of the sum of his activities, both at work and during his leisure 
hours. Fatigue factors incident to the job include the physical demands 
made upon the worker, the nervous strain involved, noise, air conditions, 
monotony, hours of work, illumination, accident hazards, health hazards, 
and other working conditions. As regards the hours off duty, food, rest 
and relaxation, physical activity, mental work, emotional stress, worry, 
and the degree of physical health ordinarily enjoyed should be con¬ 
sidered. 


559 
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Definition of Fatigue. —In business and industry management is 
interested in the effect of the employee’s job upon him as it manifests 
itself in a diminished quantity and quality of output. For our purpose, 
then, fatigue may be defined as the diminished capacity for work, result¬ 
ing from previous work. This is likewise the common understanding and 
use of the term. 

The Physiology of Fatigue. —^The human body is made up of 
mechanisms which take in and give out energy in the process of doing 
mechanical work. The principal mechanisms are the nervous system, the 
circulatory system, the respiratory system, the muscular system, and the 
digestive system. The central nervous system transmits messages over 
the nerve fibres to the muscles, and thus controls their activity. It sus¬ 
tains fatigue in doing this, although the fatigue sensation may be re¬ 
ferred to the muscles. In fact, it is the central nervous system which 
becomes tired and not the muscles in use doing a particular task, which 
causes us to slow up or stop work. The body is protected from injury in 
this way, even though the human will would demand excess exertion. 
The circulatory and respiratory systems have a reserve capacity suf¬ 
ficient to care for any temporary abnormal loads which may be imposed 
upon them. As a consequence of exercise or work the lactic acid :on- 
tent in the blood stream increases, and the body gives off more carbon 
dioxide. Medical opinion, however, seems to indicate the real cause of 
body fatigue to be as above indicated. Fatigue also has its psychical 
aspects. The will to work is important. Emotion may cause exhaustion 
or shock to the nervous system sufficient to preclude the doing of work; 
or under the excitation of fear or a great desire for accomplishment it 
may make superhuman effort possible. 

Health and Fatigue. —Fatigue stands in relation to disease as both a 
cause and an effect. A person who is sick experiences fatigue much more 
quickly than when not suffering bodily impairment; and conversely, 
disease and physical ailments are sometimes a resultant of fatigue causes. 
Investigation discloses that ‘‘on men of good physique the fatigue of 
heavy work has, as a rule, but little direct effect on sickness and lon¬ 
gevity.” ^ The United States Public Health Reports and a study made 
in New York City hospitals provide information of the extent of various 
ailments among different classes of patients. The data appear to indi¬ 
cate that the fatigue conditions incident to employment are not a pro¬ 
nounced factor in any one group.^ 

^ “The Influence of Fatigue on Health and Longevity,” by H. M. Vernon, The 
fournal of Industrial Hygiene, Vol. 3, p. 93. 

* United States Public Health Reports, Vol. 41, No. 4, p. 113. 
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Mental Fatigue.—Fatigue occasioned by mental effort is as real and 
the same as that following physical effort. When the mind works ip 
routine channels, as in thinking about accustomed things, the wear and 
tear is slight. Original, creative thinking, as accomplished in the design 
of a new machine or the solution of perplexing problems, exacts a greater 
toll, which varies with the capability of the person engaged. 

Effect of Environment.—^Apart from physical and mental effort the 
environment of the worker is probably the chief factor in producing 
fatigue effects. In other chapters the influence of light, heat, atmospheric 
conditions, and comfort of floors has been discussed, and the effects 
measured, at least approximately. Noise, vibration, insanitary condi¬ 
tions, fear of danger, play important parts. In the main, these are un¬ 
natural conditions. A worker in a steel plant, or office adjoining, suffers 
fatigue as a consequence of his environment without doing any ‘‘work.” 
The amount of energy utilized in adapting oneself to surrounding con¬ 
ditions may be an appreciable part of the day's expenditure of energy. 
Obviously the more that can be conserved for production the better. 

Monotony as a Fatigue Cause.—It has been popular to assume that 
industrial operations are monotonous, or more so than formerly, but 
study seems to indicate that in general, primitive industry held less of 
interest for the workers than does production today. Primitive farming 
as compared with modern farming certainly held little appeal, and in¬ 
dustry has progressed further than agriculture in the matter of relief 
from toil. Both now possess almost infinite scope for the interest of 
those engaged. 

Considering the individual, monotony is scarcely a measurable term. 
The need for initiative, for activity of mind in connection with the work 
in hand, so essential to enjoyment of the task by some, is shunned by 
others. How great is the number who would prefer not to assume respon¬ 
sibility, who seek contentment in doing the simplest repetitive operations, 
is generally unappreciated. Monotony is not a characteristic of any job, 
but of the individual's reaction to the task. Social workers who dabble 
in industrial jobs gain erroneous ideas as to this by formulating judg¬ 
ments based on their own mentalities and idealistic conceptions, rather 
than upon those of the workers and life itself. The life, mental develop¬ 
ment, social relationships, and ambitions of the individual determine for 
him what is monotonous and what is not. 

The range of business and industrial activity is constantly widening. 
With the increasing demand for skilled operatives and subexecutives, 
there would seem to be a reasonable opportunity for the mentally ener¬ 
getic individual to escape from what is, to him, monotonous work. As 
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the general social advance in average intelligence takes place, each 
person tends to progress into a niche which calls for his best efforts. To 
an extent, at least, monotony and unrest are thus avoided. All work 
becomes monotonous at times, as does play. Human nature being what 
it is, we are all more or less dissatisfied. Properly directed, this fact may 
stimulate progress. 

Executives realize that too good a man on a job means unrest because 
of monotony, and consequent expensive labor turnover. Too little ability, 
on the other hand, may induce excessive fatigue, which contributes to 
faulty production. R. I. Rees, of the Bell System, expressed the ideal 
aim in this matter when he said, “We want our men and women to feel 
that on the basis of their capacity, training and social background, they 
are working at jobs which require their best, that will force them to 
grow and in which they will feel successful.” ^ 

Mental Attitude of Worker Important. —The state of mind or 
mental attitude of the employee has considerable to do with the amount 
of fatigue experienced. If he is at odds with his boss, with his fellow 
workers, or life itself, he will be more tired at the end of the day. It is 
usually more tiring to “kill” time than to work at a normal pace, with 
a normal interest in the job. A person who loses himself in his work 
seldom complains of fatigue. 

A spirit of industrial democracy in a shop, rather than of semi¬ 
autocracy, makes for a feeling of mutual friendliness and of content¬ 
ment. Work is easier and better because of it. A friendly, cooperative 
attitude prevails, eliminating boredom, and considerable mental and 
physical weariness. 

Mentally irksome and physically wearying toil may be relieved by 
(1) rotation of tasks, (2) rest periods, (3) sometimes by the introduc¬ 
tion of rhythm, (4) by music, and (5) by plans which arouse an interest 
and individual initiative in the work. 

Workers sometimes object to changing occupations during the day, 
or to periodic rotation of tasks. This practice is restful, however, as it 
brings into play different sets of muscles or mental faculties. Students 
appreciate this when they change from the preparation of one study 
assignment to another, and experience renewed interest and capacity for 
accomplishment. Rotation of tasks increases usefulness of employees, often 
adds interest to repetitive work, and qualifies workers for promotion. 

Music Alleviates Fatigue Effects. —There are many examples of 
the use of music to relieve the tedium of work. Concerning an experi- 

^ “The Selection and Development of Personnel,” by R. I. Rees, Proceedings of the 
Bell System Educational Conference. 
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ment in this direction, H,E. Miller writes: '‘Workday music is stimu¬ 
lating, is an offset to monotony, fosters contentment, and brightens the 
work place. ... It helps overcome the droop of spirits and energy 
during the afternoon, offsets the gloom of dull, stormy weather, and is 
a partial antidote to fatigue.” In some work situations music is provided 
during work periods; in others immediately before work, at rest periods, 
and at closing time. More and better work, cheerful workers and im¬ 
proved morale are reported. The singing of Negro stevedores and plan¬ 
tation workers is proverbial, and is considered essential to cheerfulness 
and efficiency. Rhythm introduced by periodic machine noises and oper¬ 
ating cycles is valuable in pace-setting, but extremes must be guarded 
against. 

Rest Periods.—It is becoming increasingly the practice to arrange for 
rest periods of 10 or 15 minutes duration at mid-morning and mid¬ 
afternoon. Sometimes shorter periods at more frequent intervals are 
allowed. The necessity of rest periods to relieve fatigue has not been 
proven in many cases, but even so, the workers like them, and produc¬ 
tion will not be decreased because of the shorter work time. 

Another way in which workers secure relief is in the doing of inci¬ 
dental work connected with the job, such as obtaining tools, moving 
material, and arranging work. This usually amounts to from 5 to 10 
minutes per hour. Personal time allowances vary from 3 to 5 minutes 
per hour. One firm which does not have rest periods allows 40 minutes 
in an 8-hour day in its job time. The worker may utilize this allowance 
for personal time, rest, or as a way of increasing output, as he chooses. 

An allowance of rest time for the operator of a machine is not needed 
by the machine. This suggests that in time and motion analysis work, 
operators may be assigned to machines in teams and work in cycles. For 
instance, a machine requiring two operators may have three assigned 
to it, permitting each a rest period of 20 minutes per hour. In this way 
the fatigue effect is eliminated from the production curve. 

Arousing interest in the work and developing loyalty to the firm 
has a far wider value than merely overcoming boredom or monotony, but 
it does do this also. A worker who thinks of his firm’s activities as his 
own, who is a member of a democracy rather than an autocracy, will 
have an inward fire which shows itself in initiative, interest, and enthu¬ 
siasm lacking in the man who responds to direction only. These are foes 
to fatigue. Morale of this character is gained by education, leadership, 
and appreciation of men as men, and a willingness to share the fruits of 
industry with them. Very often it suggests forms of worker participa¬ 
tion in management. 
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Hours of Work. —The accepted length a working day is very 
generally 8 hours, although in some industries it is longer; while in a 
few, shorter. The work week is forty hours. There is advocacy for a 
30-hour week in some industries. This is quite different from two decades 
ago when a 9 to 10-hour day, and a 6-day week were the rule. The 
gradual shortening of the working day and working week have been due 
to both social and economic progress. In general, work weeks of 40 to 
SO hours are economically sound, production per week increasing rather 
than decreasing as the number of hours have been reduced. In some 
industries, such as cotton mills and others, where the influence of machine 
operations on output is dominant, this is not true. 

The last major stronghold of the 12-hour day was in the steel in¬ 
dustry. Its abandonment in 1924 was followed by increased dividend 
payment to stockholders, and reduced tonnage costs. Tlie change brouglit 
about a better physical condition of the workers, better mental attitudes, 
greater outputs, and lower costs. 

One way to avoid the fatigue effect of long hours and to decrease the 
indirect costs of production represented by the investment in plant and 
equipment has been to utilize successive shifts of workers during the 24- 
hour period. Some plants operate with two or three shifts, and a few 
with four shifts working 6 hours each. A food product plant reports 
success with this latter arrangement, the employees working through the 
shift with no time out for meals. Some department stores in this country 
finding that about 90% of sales were made between the hours of 
10:30 A.M. and 4:30 p.m. have shortened the working day accordingly, 
and without wage reductions. The enthusiasm of employees for short 
work days and work weeks results in increased intensity of effort suf¬ 
ficient to partially offset the shorter work time. It may do so in certain 
lines where the emphasis is upon manual effort, but in other trades 
machine time is the governing influence. The social and civic aspects 
of the work day and work week seem to be adequately cared for with 
work periods as first suggested above. 

Work Arrangements.—The effect of work arrangements upon pro¬ 
duction time is emphasized in the chapters on motion and time study. 
For easy accomplishment attention must be given to the design of the 
work station. One aim of motion and time study is to eliminate fatigue 
by making work simple and easy to perform. Figure 104 provides an 
example of specially designed workplaces which save motions, time, and 
energy. The chairs are of special design to assure proper posture of the 
workers. The backs may be adjusted and the seats raised or lowered to 
fit the individual. Foot rests are also provided. Frequently the work 
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Figure 104. Example of Work Stations Specially Designed for Ease of Doing 
Work and Comfort of Workers 

station may be designed to permit the worker to vary his posture by 
either sitting or standing. 

Night Shifts and Overtime. —Those who work at night are usually 
subjected to living conditions adverse to sleep and rest during the day. 
For persons of the social and financial status of the worker these are 
difficult to overcome. Night work is also unnatural. However, when 
night workers can and do secure sufficient sleep and rest, and are capably 
supervised, the rates of production do not decline for night shifts. Some 
plants make night work appealing by increasing the rate of pay slightly, 
enabling the night shift to earn slightly more money working 5 nights a 
week only, but longer hours. Alternating day and night work at inter¬ 
vals of two weeks or a month is practised, although this means succeed¬ 
ing periods of readj ustment to changed living arrangements. Other com¬ 
panies assign workers permanently to definite shifts, permitting transfers, 
however, as vacancies occur. 

Work at night for women workers is objectionable, not only because 
of the social aspects of the plan, but because the inevitable pressure of 
domestic duties during other hours cuts in on time which should be spent 
in rest. Service in hotels or as telephone operators attracts girls and 
women largely free from domestic responsibilities, and in these situations 
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sleeping quarters are usually provided. Social legislation is to an increas¬ 
ing extent limiting the hours of work and night employment of women. 

Noise. —Noise is often objectionable and it is a fatigue factor. Work¬ 
places which are necessarily noisy, however, do not seem to bring about 
low output rates, or to prove disagreeable or detrimental to most workers. 
They seem to disregard the noise. Machine departments are often noisy, 
but attention to or the operation of machines is not ordinarily difficult or 
hard, and the fatigue effect sustained with that of the noise added, is not 
enough to appreciably slow up the workers. It is generally desirable to 
eliminate vibration and to minimize noise when possible, and perfection 
of machine design is facilitating this. Workers who find noise objection¬ 
able should be transferred to other departments. 

Mechanized Operations. —It is economically profitable to utilize 
straight-line production methods and work conveyors. The resulting 
trend has been to increase the mechanization of jobs, which raises the 
question of increased physical and nervous strain on the human element. 

In straight-line arrangements the work passes in succession from one 
worker to the next. In some installations each must do his part promptly 
in order not to interfere with the flow of work, which is handled mechan¬ 
ically. In planning such work the rate of output is established with this 
in mind. In other cases units worked upon may be removed from the con¬ 
veyor if the operator gets behind, until he has an opportunity to “catch 
up.'’ Dial feed equipment, where the workers are grouped about a revolv¬ 
ing table arrangement, is a form of straight-line production, and requires 
that the work be very evenly divided among the workers and planned from 
a time standpoint. 

Mechanizing operations reduces the physical work involved, l)ut docs 
require speed and manual dexterity. On many mechanized tasks workers 
find it possible to converse while working. On some jobs the waiting time 
or idle time while the machine works amounts to from 5 to 20 minutes per 
hour. These facts suggest the absence of nervous strain. A working day 
of eight hours will usually be broken by rest periods. In addition, in cases 
where it is desired to keep equipment in motion, relief operators are pro¬ 
vided as needed. If proper attention is given to selection of workers, and 
they are properly trained and introduced to the work, no fatigue problems 
should develop. 

Lighting and Air Conditioning. —Poor lighting and bad air condi¬ 
tions affect production adversely. The reader should turn to the chapters 
on these subjects for a further discussion of their effect and what consti¬ 
tutes good management practice. 
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Accidents. —Mental or physical sluggishness is a major cause of acci¬ 
dents, and may be due to ill health or fatigue. The elimination of fatigue 
causes decreased accidents. In modern manufacturing plants accidents be¬ 
cause of fatigue induced by the work situation are not numerous. They do 
not increase in number during the afternoon hours, as might be ex¬ 
pected if fatigue was a cause. On the other hand, the frequency of acci¬ 
dents during the months of the year is found to correspond closely with 
the sickness rate. 


Reserve Capacity of Workers. —Extensive fatigue studies of work¬ 
ers engaged in production operations in modern plants do not indicate 
any marked slowing up during the working hours due to fatigue causes. 
It is evident that many workers are capable of doing more than is nor¬ 
mally expected or required as a daily task. Tests for short periods of 
one or two days show that productivity may be increased an average of 
20% or more above the usual. This reserve power enables the worker 
to overcome the normal fatigue effects of the work situation and to 
maintain output during the late morning and afternoon periods when 
otherwise it might l)e expected to decline. 

Daily Production Curves.—check on the work of four type-setters 
by Dr. H. M. Vernon, of London, provides interesting and typical data 
hearing on this subject, as follows: 


Output and Errors of Four Type-Setters 


Hour.s . 8-9 9-10 10-11 11-12 12-2 2-3 3-4 4-5 

Output . 21.0 26.0 23.0 21.5 lunch 24.7 20.5 16.0 

Errors . 4.2 4.6 4.6 , 7.0 1.4 5.4 7.5 


In tlie morning errors are fewer and the output greater after the 
workers have “warmed up.” Fatigue makes itself felt later. Presented 
graphically, these data would give a curve with the same characteristics 
as Figure 105, showing the effect of fatigue on production during the 
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Figure 105. Production Curve Showing Effect of Fatigue During the Hours of 

the Day 

hours of the day. This curve pictures the production record of a drop 
hammer operator in a forge shop, and includes data taken over a con¬ 
siderable period of time. 


^ Industrial Fatigue and Efficiency, by H. M. Vernon, p. 8. 
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In the morning an average efficiency of 98% was maintained, and 
n the afternoon one of 96%. This curve is a typical one, and its char¬ 
acteristics are readily recognized. At the beginning of work a certain 
length of time is required for the worker to get mind and muscle co¬ 
ordinated and working smoothly. In this instance it was about 45 min¬ 
utes before greatest efficiency was attained. This beginning period was 
Sollowed by a period of maximum efficiency, and then by a gradual lessen- 
ing of the rate of output, production dropping off more sharply as noon 
approached. The benefit derived from the refreshment and rest inci¬ 
dent to the noon hour is evident. The rate of production after lunch is 
higher than at the beginning of the morning period. The curve rises 
gradually, but due to increasing fatigue, the maximum production rate 
of the morning is not reached, and as the afternoon progresses, the 
cumulative fatigue effect is seen in a much lowered rate of output; the 
rate at the close of the day being lower than at any other hour. 

For tasks requiring greater exercise of mental faculties in combina¬ 
tion with manual skill and dexterity, the ‘‘warming up" period of the 
curve would be of greater length; if less, shorter. For light manual oper¬ 
ations and some tasks of machine tending, the element of fatigue may not 
enter as a factor influencing output. (See Figure 106.) In this case the 



Time of day 

Figure 106. Production Curve Showing Output of Women Working Stamping 

Presses 

(From Industrial Fatigue and Efficiency, by H. M. Vernon, p. 14.) 

workers were able to increase output as the hours passed. They were 
engaged in war work and motivated by a patriotic impulse. The curves 
are unusual. 

Figure 107 shows the production rate for a punch press operation. 
Also a record is provided of time used in doing incidental work and for 
personal needs. A characteristic of machine work and mechanized oper¬ 
ations is a more even production rate than for manual operations. This 
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Figure 107. Chart Showing Varying Rates of Production in Connection with 
Punch Press Operations 

(Average performance for 32 productive hours—2 operators, 2 helpers) 


job was classified as medium heavy machine work. It was performed 
l)y men. 

In lines of manufacture where the w^ork is largely or wholly the 
product of machines, output is dependent almost entirely upon the speed 
of the machines, and a reduction in hours brings lowered outputs. In 
other industries fatigue is cumulative to an extent that makes an 8 -hour 
day e(]ually or more profitable than a longer one. This is true when 
manual work predominates, when the skill, agility, and speed of the 
worker in operating machines are a sufficient factor, when concentration, 
or heavy or continuous effort is called for, as in machine shops, shoe 
plants, w^oodworking departments, etc. An example wdll illustrate these 
statements. 

The superintendent of a fine tool manufacturing establishment stated, 
“We changed from ten to nine hours at our own suggestion and later 
to eight, ... as we believe that if a man works conscientiously for a 
shorter time he can do better work, and that we have a right to expect it. 
Our records prove the truth of this.'’ ® 

This result is typical of findings in plants in the United States cover¬ 
ing various machine and assembly operations. Efficiency over a period 
of a week is illustrated by the following data, which give the units of out¬ 
put per man, per day. For the first three groups the highest production 
rate was reached on Wednesday. In performing the heavy work incident 
to blast furnace operation the relative increase in output is greater for 
Tuesday and Wednesday than for the other groups, then slowly declines. 
The bobbin winders continued to gain momentum an additional day as 
compared with the others, reaching a production peak on Thursday. In 

® “Hours of Work, Metal Manufacturing Industries,” National Industrial Conference 
Board, Bulletin No. 18, p. 17. 
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this case an 8-hour work day on Saturday rather than the usual 12-hour 
day probably was responsible for the increased production rate on 
that day. 

Daily Output Variations * 

Mon. Tues. Wed. Thurs. Fri. Sat. Sun. 


Button sewers . 98,1 100.6 101.6 101.1 98.6 . 

Blast furnace men. 96.0 100.0 105.0 103.0 101.0 101.0 94 

Weavers . 96.0 98.9 102.6 99.3 101.2 102.1 

Bobbin winders . 94.6 96.7 97.6 105.4 96.3 109.4 


* From Industrial Fatigue and Efficiency, by II. M. Vernon, p. 28. 


Effect of Changes in Hours of Work. —When a change is made 
from a longer work day to a shorter one, an immediate considerable gain 
in the rate of production is not to be expected. It will follow gradually 
as a natural consequence in most cases, and more or less unconsciously 
as far as the worker is concerned, until the increasing rate of output 
reaches a new normal level. Experience indicates that a period of sev¬ 
eral weeks, months, or even a year may need to elapse before a new 
equilibrium is reached. A change to a longer work day will bring an 
immediate decrease in the output rate. Temporarily this may fluctuate 
above and below the new normal rate. The operation of effective wage 
incentive plans will modify these natural tendencies, and generally bring 
about increased production. 

The Employee Off the Job. —It is a common fallacy to ascribe the 
worker’s physical condition and economic status entirely to the condi¬ 
tions imposed upon him by his job. Abnormal and unwise expenditures 
of energy, and unintelligent living during the remaining hours of the day 
probably have a greater effect on his well-being. The demands of good 
management and a considerable amount of social legislation prompt the 
employer to provide favorable working conditions, reasonable hours of 
employment, maximum rates of pay, unemployment pay, protection from 
accidents, and the like. In return the employee should “live up” to his 
job when away from it, and unquestionably there is a steady advance 
in better living with industrial and social progress. 

Fatigue in Industry Being Eliminated. —Undue fatigue in pro¬ 
gressive business and industry is notable for its absence. It is uneco¬ 
nomic, a hindrance to effective employee relations, and objectionable from 
a social .standpoint. Trends in business and industrial practice are fur¬ 
thering its elimination. Fatigue allowances in connection with job times 
are becoming obsolete as the problem of fatigue is lietter understood and 
the causes corrected. 







CHAPTER 22 


MOTION AND TIME STUDY—JOB STANDARDIZATION 
AND MOTION STUDY 

Definition of Motion and Time Study. —“Motion and time study is 
the analysis of the methods, of the materials, and of the tools and equip¬ 
ment used, or to be used, in the performance of a piece of work—an 
analysis carried on with the purpose of (1) finding the most economical 
way of doing this work; (2) standardizing the methods, materials, tools 
and equipment; (3) accurately determining the time required by an 
average worker to do the task; and (4) training the worker in the new 
method.” ^ 

Origin and Evolution of the Technique. —In 1881, Frederick W. 
Taylor originated time study in the machine shop of the Midvale Steel 
Works at Philadelphia, with the object of determining proper standards 
for a day’s work. His efforts involved study and improvement of the 
work situation, leading to its standardization, analysis of the task, and 
setting job times by use of a stop watch. He recognized the importance 
of the steps preliminary to the stop watch study, but at the time more 
attention was given by others to this phase of his work because of its 
recognized value in setting job times. A little later Frank B. and Lillian 
M. Gilbreth did some notable work in establishing the fundamentals of 
motion study, where the emphasis was placed upon improving methods. 
Until recently this phase of the subject was generally neglected by man¬ 
agement. Now it is recognized as a principal factor in making work 
easier and job times shorter. The modern motion picture camera enables 
tasks to be filmed, and studied in minute detail. Time divisions of 
1 /2,000th of a minute are possible. Electrical equipments to measure the 
relative speed of motions involved in doing work give an accuracy to 
1/1,000th of a second. Research and experiment using these and other 
devices add to our knowledge of fundamental information about ways 
and means of doing work. The information gained enables us to perfect 
the work situation, and to properly train workers. 

The Benefits of Motion and Time Study.— Motion and tinie st^^^ 
is indispensable to modern manufacturing. Constructive results accrue 

* Motion and Time Study, by Ralph M, Barnes, p. 1. 
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as follows: ( 1 ) the best production arrangements as to layout, equip¬ 
ment, and surroundings are established and maintained, and improve¬ 
ments stimulated; ( 2 ) the best methods, and the skill of the most expert 
workers are made available to all, increasing average efficiency and earn¬ 
ing power; ( 3 ) uniformly consistent and correct task times are set, 
affording an accurate basis for setting wage rates fair to man and man¬ 
agement and thus eliminating a prolific cause of industrial unrest; 
(4) production is increased; (5) quality is improved and made more 
uniform; ( 6 ) waste of time, materials, and human energy is eliminated; 

(7) production may be scheduled and delivery dates set with assurance ; ^ 

( 8 ) machine and equipment burden rates may be set accurately; and 

(9) a detail check is provided on the effective functioning of every 
auxiliary department as previously arranged for—they become truly 
service departments of the highest order. As a consequence manufactur¬ 
ing costs will be at a minimum, making higher wages and lower prices 
possible.. Motion and time study is the necessary foundation to successful 
management in manufacturing. ; 4 , . ^ 

The Early Need for Motion and Time Study. —Frederick W. Tay¬ 
lor’s experience as a workman and a foreman made him realize that the 
worker could greatly increase his output, perhaps two or three times, 
if the management could know the possible output, and would then pro¬ 
vide a sufficient incentive for its accomplishment. 

In these first days of big workshops the individual lost his identity in 
the crowd and there was little recognition of varying capabilities; a like 
wage was paid to all those engaged in doing a certain class of work. 
“Under this plan the better men gradually but surely slow down their 
gait to that of the poorest and least efficient. When a naturally energetic 
man works for a few days beside a lazy one, the logic of the situation is 
unanswerable: ‘Why should I work hard when that lazy fellows gets the 
same pay that I do and does only half as much work ?’ ” The piece-rate 
plan had failed to remedy the situation because of the frequency with 
which rates were cut when workers earned more than employers were 
willing they should earn. This pictures the general situation which con¬ 
fronted Taylor and other managers and the imperative need for develop¬ 
ing a method of control over output which time study as inaugurated by 
Taylor affords. His efforts were immediately successful. 

Taylor’s Outline and Definition of “Time Study.” —In 1912, Taylor 
had occasion to outline and define this phase of managerial effort thus: 

* In laying out work in sequence each man has a certain standard time in which to 
do his job. The work may thus be handled progressively to succeeding operations and 
machines and men can be kept uniformly busy and the product completed in minimum 
time. 

® Frederick W. Taylor, by F. B. Copley, Vol. I, p. 219. 
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“Time study” consists of two broad divisions, first, analytical work, and 
second, constructive work. 

The analytical work of time study is as follows; 

/ (a) Divide the work of a man performing any job into simple ele¬ 

mentary movements. 

(b) Pick out all useless movements and discard them. 

(c) Study, one after another, just how each of several skilled workmen 
makes each elementary movement, and with the aid of a stop watch select 
the quickest and best method of making each elementary movement known 
in the trade. 

(d) Describe, record and index each elementary movemchOAvith its 
proper time, so that it can be quickly found. 

(e) Study and record the percentage which must be added to the actual 
working time of a good workman to cover unavoidable delays, interruptions, 
and minor accidents, etc. 

(f) Study and record the percentage which must be added to cover the 
newness of a good workman to a job, the first few times that he does it. 
(This percentage is quite large on jobs made up of a large number of 
dififerent elements composing a long sequence infrequently repeated. This 
factor grows smaller, however, as the work consists of a smaller number 
of different elements in a sequence that is more frequently repeated.) 

(g) Study and record the percentage of time that must be allowed for 
rest, and the intervals at which the rest must be taken, in order to offset 
physical fatigue. 

The constructive work of time study is as follows: 

(h) Add together into various groups such combinations of elementary 
movements as are frequently used in the same sequence in the trade, and 
record and index these groups so that they can be readily found. 

(i) From these several records, it is comparatively easy to select the 
proper series of motions which should be used by a workman in making 
any particular article, and by summing the times of these movements, and 
adding proper percentage allowances, to find the proper time for doing 
almost any class of work. 

(j) The analy.sis of a piece of work into its elements almost always 
reveals the fact that many of the conditions surrounding and accompanying 
the work are defective; for instance, that improper tools are used, that the 
machines used in connection with it need perfecting, that the sanitary con¬ 
ditions are bad, etc. And knowledge so obtained leads frequently to con¬ 
structive work of a high order, to the standardization of tools and condi¬ 
tions, to the invention of superior methods and machines.^ 

Possibilities of Motion and Time Study.—It will be noted that 
under (j) job improvement and standardization work is suggested, while 

^ From a paper contributed to the discussion of a committee report entitled, “The 
IVesent State of the Art of Industrial Management,” American Society of Mechanical 
Engineers, 1912. 
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(b) and (c) refer to motion study. The outline suggests the compilation 
of data for an entire trade, such as that of machinists, for example. 
When suitably indexed these data would enable a man sitting at a desk 
to determine accurately the time of doing any operation in the trade. It 
has not as yet been possible to do this because of the variety of equip¬ 
ment and tools used, differences in methods, and varying conditions exist¬ 
ing in different plants. Steps in this direction have been taken, however, 
in the development of time standards and the preparation of synthetic 
times from them. 

In the past, most efforts have been devoted to making operation time 
studies—ascertaining the proper time for the doing of an individual task 
or operation. This is accomplished by observation of the worker at the 
machine or work station while doing the job. 

Divisions of Motion and Time Study.—The task of motion and time 
study may be divided for purposes of study into (1) improvement and 
perfection of the work situation, sometimes called job standardization, 
(2) motion study andifraining of workers, and (3) setting of job times. 

Job Standardization.—Job standardization denotes the establisliment 
of the l3est possible conditions with respect to all physical factors which 
influence the job and is a first natural objective in all motion and time 
study work. A new plant, laid out, designed, built, and equipped ready 
for operation by progressive managers and experienced engineers will 
presumably be ideal with respect to job standardization. Where ideal 
conditions cannot be realized in existing workshops the best standards 
attainable can be set and maintained. Some of the conditions that should 
be studied are: 

Equipment. A study of existing equipment may suggest changes 
and improvements or repairs. The need to bend over, to lift heavy mate¬ 
rials or parts, to take more than a step or two, slows up the work and 
tires the operator; which suggests the economical utilization of mechani¬ 
cal devices. Processes should be those which combine economy with uni¬ 
formity of standard quality. Standard times and methods are dependent 
upon standardization of machines within each class, and the main¬ 
tenance of normal conditions with respect to their upkeep. Proper 
means of transporting and handling materials must be utilized. 

Tools. Assurance must be had that the proper tools needed for a 
given task will be available. This phase of the investigation will consider 
the tool room organization and administration, the selection of proper 
steels, shape, size, variety, and tempering of tools, procedure in issuing 
them when needed, and their repair and resharpening after use. Likewise 
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all necessary auxiliary equipment in the way qf bolts, blocks, clamps, 
dies, jigs, etc., should be standardized—^perhaps for each operation— 
kept in good condition, and made readily available. 

Materials. Economy in the use of materials should be studied, con¬ 
sidering comparative values of material and labor. The latter may be a 
relatively unimportant item. Waste should be considered, remembering 
that workmen constantly handling a material may become careless and 
insensible to its value. Disposing, reclaiming, or utilization of waste 
should be provided for. Considering the consumer’s use of the product 
and methods of manufacture, the kind and grade of material used should 
])e analyzed. Another material may be better, a cheaper grade prove as 
suitable, or a better grade may be less expensive to process and the 
finished product more uniform as to quality. A study of storeroom 
practice may suggest ways of eliminating delays in the issuing of 
materials. 

Layout. All the machines and workplaces in the department have a 
relation one with another, and must be considered together. Depart¬ 
mental arrangement is important. A uniform, maximum flow of materials 
tn process is the aim. To achieve this, moves between operations should 
he short, space suflicient, inspection points and storage areas provided 
for, production facilities balanced so that congestion will not take place 
at certain points, with ])erhaps idle work areas at others. Tool, store, 
and stockrooms must be readily accessible and service centers convenient. 
Most factories grow by adding manufacturing space here and there, 
until finally production arrangements are haphazard. In one instance 
the path of travel of a part was reduced from 535 feet to 27 feet, four 
truck trips including two elevator journeys dispensed with, and the 
method changed to require four operators instead of five. Much time 
was saved. 

Environment. Intelligent attention will be given to adequate illumi¬ 
nation, ventilation, sanitation, comfort of floors, unnecessary noises or 
objectionable odors, and danger hazards. Environment makes its impress 
upon the worker and is reflected in his work; hence it should be good. 

Adjustments and changes suggested by the foregoing analysis may be 
few and unimportant, or they may be extensive and costly, requiring 
many months for completion. When the work is completed provision 
must be made for the maintenance of the standards established. Best 
performances are possible only w^hen conditions are ‘Tight,” and standard 
performances possible only when conditions do not vary materially. 
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Figure 108a. Job Specification Card 




Job Name BORING MILL HAND—Job No. 


Ch. 22] JOB STANDARDIZATION AND MOTION STUDY 


377 



Figure 108b. Reverse of Job Specification Card 





378 


INDUSTRIAL MANAGEMENT 


[Ch. 22 

Motion and time study brings about a great change in the relation of 
auxiliary departments to the operating departments, and the attitude of 
executives. Ordinarily the job, as represented by the man doing it, has 
little option but to accept equipment, arrangements, tools, materials, 
environment, etc., as they come. The worker is at the bottom of tlie 
ladder of authority. With motion and time study job requirements are 
analyzed and standardized in every particular; the service required of 
auxiliary departments and executives is outlined in minute detail, and 



Figure 109. An Assembly Workplace Resulting From Job Stanclardizatioii Efforts 


effective functioning checked at every turn. The job is now supreme, and 
workmen in a position to demand effective management. This is as it 
should be, for mental inertia and laziness are as prevalent among one 
group as the other. 

From the foregoing it is evident that job standardization work is best 
accomplished by first considering the plant as a whole. The functions 
and relation of departments to each other may be studied, general methods 
of operation, and finally the details of each workplace or machine. 

Selection and Training of the Worker. —An analysis will have been 
made of the requirements of each task from an operator standpoint, and 
cards like the one shown in Figures 108a and 108b will be in the files 
of the supervisor and the employment department. Requests for workers 
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are then made by job number, which enables the personnel department to 
make preliminary selections and refer desirable applicants to the foreman 
for final acceptance. New employees must then be trained in the proper 
way of performing tasks. 

Figure 109 shows a picture of an assembly workplace following job 
standardization efforts. Note the fixtures for holding the work, the 
placement of piece parts, the prepositioned screwdriver. Consider the 
simplicity and ease of accomplishment. Figure 110 shows a set-up of the 
workplace. 

Figure 111, a process chart showing how the job is performed, is also 
used as an instruction card for training new operators. 


Pbt. #1. k 12. 

METHOD SPECIFICATION Doife 


DRAWING NO. _ M.S.NO _ 

Apporflitus _ Time Study No. 

Operation Assb. washer to aotor, 2 set shafts, caa shaft, 2 springs, 2 sleeves, _ 

_2 gears, set h and shaft, sleeve, switch blade, backplaie and 4 screws _ 

_ to supp. plate. _ 

Operoitpr_ Observer_ 


WORK PLACE 



A. Fixture 

B. Yankee Screw Driver 

C. Vaseline 


LI. Short sp."cing sleeve 

2. Screw 4-43 - 5/16" RJ. Hd. 

3. Idler Gear Assb. 

4. Assb. of set hand shaft 

5. Washer 

6. Setting Shaft 

7. Spring 

8. Field & care assb. 

9. Support plate assb. 


Rl. Spacing sleeve (long) 

1. Screw 4-43 x 1/2" Rd. Bd 

3. Minute Ihnl shaft assb. 

4. Switch blade assb. 

5. Spring 

6. Set Shaft 

7. Cam Assembly 
3. Rotor 

9. Back plate 


Figure 110. A Set-Up of an Assembly Workplace Resulting From Job Standardi¬ 
zation Efforts 
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METHOD specification - SEQUENCE OF MOTIONS Pos. II & 12. 
LCrTHANO ■ ■ RIOMTHmJo 

1. Dispose of fin. assb. A to Con. 

2. Cel & hold cam assb. P7 to A. 


1. Get & pi. supp. pi. assb. L9 to A. 

2. Gel & pi. spring on ess assb. 25 to A 

3. Get & pi. spring on cae shaft L7 to 

4. Assist 


3. Hold can assb. A 

4. Place cac assb. in support plate 
in fixture A. 


(Step on foot pedal) 


S. Assist 


5. Wind spring on cam shaft 
(Release foot pedal) 


6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 


Get & pi. set shaft l£ to A. I 
Get washer & assb. to rotor L5 to A. I 
Get & hold field A core assb. L8 to A. 
Place motor assb. on supp. pi. 

Assist & throw catch on fixt. A. 

Assist 

Get A pi. screw L2 to A 
Get A pi. screw R2 to A 
Assist 


6. Get A pi. set shaft R6 to A. 

7. Get A hold rotor 28 to A. 

8. Assb. rotor to field A core assb. 

9. Assist 

10. Get A pi. switch blade 24 to A 

11. Get A pi. backplate 29 to A. 

12. Get A pi. screw LI to A. 

13. Get A pi. screw 22 to A. 

14. Get screw driver A drive four 
screws B to A. 


(Step on foot pe'iai to release assb.) 


15. 

16. 

17. 

18. 
19. 


Remove Switcn from fixt. A lay on 
beckplate. 

Get A pi. sleeve on set sh. 21 to A, 
Get A hold set hand shaft L4. 

Hold shaft 

Place shaft thru supp. pi.A backplate. 

Get A place Idler gear assb. from 
to A. 


“I 


15. Release scr. dr. A assist. 

16. Get A pi. sleeve on set sh. 

21 to A. 

17. Get A apply vaseline C to shaft. 

18. Get A pi. sleeve LI to shaft 

19. Assist 

20. Get and place minute hand shaft 
assb. from 23 to A. 


Figure 111. Process Chart for Operation Shown in Figures 109 and 110 


The Process Chart. —Process charts are an aid in effecting improve¬ 
ments. They are of three kinds: (1) the flow chart, (2) the man and 
machine chart, and (3) the right- and left-hand chart. Questions which 
should be asked when preparing such charts are as follows: 

1. Why should the work be done ? 

2. What is to be done ? 

3. How is the work to be done? 

4. Who is to do the work? 

5. Where is the work to be done? 

6. When is the work to be done? 
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Figure 112. Process Flow Chart of Rear Quarter Panel Assembly of Automobile Body 
(From educational material of Fisher Body Division, Genera] Motors Corp.) 


































PROCESS CHART 

PRESENT METHOD . . GEAR HUB-3786506-2 

Price *15.00 Operator - 9 9.80 for Helper 
Rou 9 h bore floinge oinol.O. D.+o'Vi6'*on sfofe 


OPERATOR 


HELPER 


MACHINE 


> Get long colipers 700') 36.0 © Assisf operofor 36.0 

) Put blocks in pos- ) T 
' if^ions on mill I 

Ge^- drg. 700* ) 


Personoil 
) Lift +o mill 12* 

I 6o after fools 700* 
^ Personal 
Get a driver 



• Tighten driver 

1.0 


' Look for wrench 

'/2 


1 Tighten driver 

'/2 

(fe 

1 Centrally locate 
hub on mill table by 

fiobieninri 

2.0 


Grind tool 100' 

3.0 

Y 

Wait for cut 

12.0 


Grind tool 100* 

3.0 


Wait for cut 

i9.0 

JL 

Ploee a Carboloy tool 

3.0 

.A 


I Help with rigging 6 0 
I Sweep op 1.0 

^ Wait for opera+or 7.0 
► Look for driver LO 
Wait for opera+or 1 V 2 


I Tighten driver 
i Tighten driver 


2.0 


tool)(did Job however) 
Wait for cut ISO 


Wait for operator 3.0 
Wait for cot 12.0 

Wait for operator 3.0 
Wait for cut 19.0 

I Assist operator 30 


f ^ Check depth of hub rim 3.0 
from flange (cast 
5 i' 4 too low) 

@) Remove tool from 
head No.) and replace 
^ it with another 
Wait for cot 


Wait for cut 18.0 

Wait for operator 3.0 
4.0 @ Assist operator 4 0 


I Continue facing 12.0 
flange 

I Continue facing 19.0 
flange 

(t3)Cpnt inues both 12.0 

faces 

(w) Cut under face of 6.0 
flange 


Wait for cut 
( 71 ) Setup turning tool for 
Si' rtm of flange 

Check op caliper dim. 

) Start cut and check 
O.D. with calipers 
* Wait for cut 
Check height of 
flange above spokes 

Change to another 
Carboloy tool 
(7^ Set tool 
^ Wait for cut 

Return drg. 700* 


Wait for cut II.O 
Wait for cut 42.0 
Assist operator 7.0 
1.0 @ Help check 1.0 

Help check 1.0 

Wait for Cut 200 
Assist operator 8.0 

2.0 I 


1.0 


Face rim of 0.0. 

, 60’/min. 

* '/«’'feed-'/ 4 '’cut 

11.0 

) Foce rim of O.D. 

(2 cuts) TOVmin. 
3/3rf«<d-'/4’'Cut 

42.0 


Turn O.D. of rim 7 
^ of flange 70/min. 
^/ 32 "'fQecf- '/Veut 


2.0 


Go for boA 200* 1.0 


Pick up blocks,etc. 4.0 
Carry scrap bolts 1.0 
etc.to scrap pile 80’ 
Pick up blocks,etc. 2.0 


Rough face inside 17.0 
(IB) hub.spejd BO'/rnin 
^fceoi 3/32-.cut 3^1^- Xs*^ 


OPERATOR 
Total time 
Total foot travel 
Wait for cut , 
Wait for inspection 
Wait for crane 
Handling . 
Machine repair 


SUMMARY 

HELPER 

78B Total time 

6,670 ft. Total foot travel 

387.5 Wait for cut 

42.0 Wait for inspection 

11.0 Wait for crane 

294.5 Wait for operator 

53.0 Handling 

Machine repair 


MACHINE 

768 

^700ft. Working time 397.5 
420 

:i.o 

66.0 

309.0 

53.0 


Total time 13.15 hours 

Total travel* bot h- 10,570 ft.- 2miles 

Waiting for cut = = 49.2 7o 

Handling time ° 37.4% 


Figure 113. Man and Machine Process Chart 
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‘‘The flow process chart is made by following materials, men, or paper 
records through the entire process. It shows the route of the object from 
the beginning of the process to the end, keeping that one object in mind. 
Wherever a move occurs, the distance of travel is shown.*’ ^ Figure 112 
shows such a chart which indicates the steps in the assembly of a rear 
quarter panel assembly of an automobile body. 

Man and machine charts reveal any delays or inconsistencies in the 
use of machine equipment. The machine time used may be much more 
important than labor time. The chart in Figure 113 records starts, stops, 
machining operations, and idle machine time in relation to the movements 
of the operator and, in this case, his helper. The chart does not break 
down operations into elements or analyze details of the work procedure. 
Charts of this kind, by showing what is done, distances, and time values, 
provide a basis for considering alternate proposals. 

A right- and left-hand chart used for instruction purposes is shown in 
Figure 111. The operation consists of a sub-assembly of small parts. In 
this case the work of each hand is stated. Time values are not given, 
although they are included on analysis charts. The finished work is 
delivered conveniently to the conveyor, which passes under the center bins 
just in front of the fixture. 

Motion Study—The manufacturing plant, if it is to function smoothly 
and economically, must have its departments arranged conveniently. Its 
operating and auxiliary activities must be organized to produce goods 
and services with minimum expenditures of time, energy, and waste. 
This implies simplified coordinated work arrangements and ease of 
accomplishment. Motion study may be applied with equal effectiveness to 
office and factory situations. 

Motion study involves an analysis of the movements made in perform¬ 
ing an operation with the object of eliminating useless and fatiguing 
motions and arranging the necessary ones in a logical sequence. It is an 
aid to job standardization work in suggesting proper facilities as crane 
service, standardized workplaces, or improved arrangements. Utilizing 
these proper facilities, the motions which the worker makes in performing 
the task are then subject to study. 

Effort is made to achieve a method of performance which is simple, 
direct, and easy, and in which results are attained by straight, short, and 
quick motions which succeed each other naturally, establishing a rhythm 
and harmony of action of the hands and body that make for accuracy, 
speed, and minimum fatigue. 

® “How to Set Up a Program for Motion Economy,” by Allen H. Mogensen. Supple¬ 
ment to Factory Management and Maintenance, Vol. 94, No. 5. 
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Thoughtful observation of a worker and consideration of the signifi¬ 
cance of his movements, of the machinery, tools, and accessory equipment 
used, of incidental delays, the receipt of materials, manner of its handling 
and of the disposal of his finished work, may well suggest action leading 
to increased productivity at less cost and with less effort. A machinist 
turning out 198 castings a day, each weighing 35 pounds, in carrying 
them to and from his machine walked over two miles a day under load. 
By rearranging his stock trucks he at once doubled his output and earn¬ 
ing capacity. An extreme case perhaps, but innumerable instances of time 



Figure 114. Therbligs, Symbols, and Color Designations 
(From Motion and Time Study, by Ralph M, Barnes, John Wiley & Sons, Inc.) 
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savings ranging upward from a few per cent are being effected. Prelimi¬ 
nary stop-watch studies may aid in judging the relative worth of alternate 
methods and reveal facts not apparent from observation. 

Therbligs,—Frank B. Gilbreth coined the word ''therblig*' (Gilbreth 
spelled backwards) to denote subdivisions of work effort which are 
common to all kinds of work. They approximate fundamental motions 
and are generally used in motion analysis work. 

Classification of Hand Motions.—Economy of time and effort is 
achieved by attention to the movements which are necessary in perform- 



Figure 115. Illustration of Normal Work Areas 


ing a task. All hand motions may be divided into five general classes as 
follows: 

1. Finger motions. 

2. Motions that involve fingers and wrists. 

3. Motions that involve fingers, wrists, and forearm. 

4. Motions that involve fingers, wrists, forearm, and upper arm. 

5. Motions that involve fingers, wrists, forearm, upper arm, and 

shoulder. 

Each class, in the order given, requires more time and effort in per¬ 
formance. It is desirable, therefore, to plan work so that it may be 
performed with the simplest motions possible. Figure 115 shows the 
influence of this idea in bringing about circular workplaces. “Materials 
and tools should be located within the normal working area and with 
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respect to the lowest classification of motions permitted by the character 
of the work.” ® 

Micromotion Study.—By using a motion picture camera a film record 
of any operation may be obtained which discloses time values for funda¬ 
mental motions. Time values are obtained by using marked film in a 
standard speed camera, or including a high speed clock in the picture. 



® “How to Set Up a Program for Motion Economy,” by Allen H. Mogensen, Factory 
Management and Maintenance^ Plant Operation Library. 
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The film also provides a record of the working arrangements, machines, 
and tools. The resulting pictures may be analyzed and studied intensively 
with the principles of motion ecbnomy in mind. 

Using a projector, micromotion film may be run slowly, speeded up, 
stopped, or run backwards at the will of the operator. Particular parts 
may be studied repeatedly. In this way ideas are gained for improve¬ 
ments. The data on the film are transferred to analysis sheets showing 
what each hand does separately; also foot or other body motions, if 
included and desired. Time values are recorded in units of 1/2,000th 
of a minute, as shown by the clock or marks on the film. 

Simultaneous motion cycle charts, called simo charts, may be made 
from the film or from the analysis chart. In this way deficiencies in 
methods may be detected, and improvements effected. Charts may be 
developed to show proposed methods. 

Because of the cost, micromotion studies are not used in a study of all 
jobs. They are valuable as a means of improvement in methods, when 
the cost warrants, and for education and training purposes. 

Teaching Motion Economy.—In past years management's plan was 
to control and direct from the top down in the organization. Employees 
were expected to carry on as instructed. The present-day practice is to 
interest all employees in the idea of motion economy and the benefits which 
accrue from it, and thus obtain their contributions of ideas and more effec¬ 
tive cooperation. To this end programs of education are carried on for 
lioth supervisors and workmen. New employees are given special atten¬ 
tion. If enthusiasm can be aroused, everyone in the shop becomes “mo¬ 
tion-minded," and all help to manage. 

Administration and Production Control.-—The productivity of a 
department or a work station will be influenced by the success with which 
work in process is controlled, and the smoothness with which the admin¬ 
istrative machinery functions. Production centers must be coordinated, 
delays and interruptions anticipated and guarded against, and supply and 
auxiliary service departments made efficient. 

It should be appreciated that while motion study accompanied by the 
suggested job standardization work invariably results in increased output 
this is not accomplished by speeding up the worker, but by reducing 
friction, training in proper methods, and removing obstacles that he has 
previously needed to overcome. Poor lighting or deficient ventilation 
slows up the worker, while the need to manipulate a machine which can 
be made to operate automatically, or to lift and carry a 50-pound casting 
10 or 15 feet every few minutes are obstacles to easy, rapid work. 
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Continuity of Job Standardization, Motion Study, and Time 
Study. —It is not to be inferred that job standardization, employee train¬ 
ing, and time study are always three distinct phases of motion and time 
study, each completed in entirety for a department or plant before the 
succeeding step is begun. When the work is inaugurated in an existing 
plant this procedure is to be recommended if times set are to prove 
equitable, for changes and improvements effected for the benefit of one 
operation will influence the time for doing others. In a new plant the 
first step and much of the second will have been cared for in its design, 
construction, and equipment. 

In going plants, however, wdth well-established motion and time study 
departments the situation is somewhat different. Industry is not static 
and the evolution constantly taking place necessitates changes and 
readjustments. New methods are introduced, improved equipment is 
added, the product is altered in design, or possibly new items are added. 
Materials are constantly being replaced by others, newly developed and 
more suitable or cheaper to use. Recent years, for example, have seen the 
development of plastics, decalcomania, drop forgings, aluminum and 
steel castings, pressed steel, and punched parts. Likewise machine im¬ 
provements offer possibilities for combining operations, and perfection of 
processes for simplification. For example, the introduction of quick¬ 
drying lacquers has cut down by many days the production time for this 
phase of work, and greatly decreased the space and facilities needed. 
This typical situation calls for continual revision of obsolete task times 
and the setting of standards for new operations. In all such cases job 
standardization and motion study work will be carried on as a preliminary 
to each and every stop-watch study of an individual task or operation. 
The work is never finished. 



CHAPTER 23 

MOTION AND TIME STUDY—TAKING TIME STUDIES 

Stop-Watch Study.—The primary purpose of stop-watch studies is 
to record operation times and provide a basis for setting rates. It is the 
third and final phase of motion and time study as carried on in the 
average plant, where motion study is not utilized with the degree of 
refinement suggested by micromotion and simo charts. With facilities 
for doing a task and the conditions surrounding it at their best and 
standardized, and with the worker trained in the best method of accom¬ 
plishment, studies with a stop-watch enable an observer to determine the 
time it should take to perform the task. Rates set in this manner will 
be based upon facts and relatively fair as compared with each other. 

Setting Times Without Making Time Studies.—Methods of setting 
task times which are less satisfactory than detailed time studies, but 
which may be used in understandardized shops, are: (1) comparison with 
past performance, (2) judgment of the foreman, (3) sending through 
trial lots, and (4) utilizing fundamental machine data supplied by equip¬ 
ment manufacturers together with the experience of shop executives. 

All these methods have defects. Past performances are not a fair 
guide. One job may be done by qualified men working with enthusiasm; 
another by mediocre mechanics or poor workmen without interest in their 
jobs. In any event, good men and poor ones will be employed. If rates 
are set on a basis of past performance the good men already doing a 
good day’s work will enjoy but slight wage increases; while the poorer 
workmen by simply becoming proficient and endeavoring to do a fair 
day’s work will profit greatly. The first group are penalized because of 
their skill and previous application; the second capitalize previous incom¬ 
petency. Then again, the conditions under which jobs are done change, 
and the elements included under a job title vary. Lacking reliable records 
these changes may not be evaluated accurately or may even escape notice 
so that rates set on this basis are likely to be both unfair in themselves 
and inequitable as compared with other rates, and hence cause dissatis¬ 
faction. 

The foreman’s judgment will prove fallible in the same respects, as he 
cannot be expected to possess superior skill in all the work which he 
supervises; guesswork inevitably plays a part in his attempts at rate- 
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setting. Favoritism may manifest itself. Conditions may not be right, 
methods may be wrong, and the worker may be endeavoring to influence 
the setting of a favorable time. Sending througli trial lots provides infor¬ 
mation of the time which an operation does take, but not necessarily data 
as to the time it should take, for the reasons just noted. Utilizing 
machine tool data with experience of executives provides an approxi¬ 
mation to time study, but is a compromise. It usually denotes a desire on 
the part of management to inaugurate motion and time study work, and 
suggests the possible opposition of the workers to its use. To an increas¬ 
ing extent management and men are favoring the use of motion and time 
study as the one best method of setting task times. 

The improvement effected by standardization work and training in best 
methods that precede stop-watch studies are the phases of study that 
enable work to be accomplished in minimum time. Stop-watch studies 
tell men and management what that time should be and eliminate cause 
for disagreements on this vital point. 

The Time Study Observer. —The time study observer should be 
thoroughly experienced in the work which he is analyzing If he is 
capable of performing the task as an operator it is even better, because 
of the effect upon those doing the work. He should recognize the aim 
and value of each motion made, and judge the handling of equipment 
from an intimate knowledge of its possibilities and operation. The 
manual of standard practice instructions prepared by one large organi¬ 
zation for its time study operators states: 

The observer should understand in minute detail the particular operation 
on which he is for the time engaged. He must detect all defects and short¬ 
comings such as incorrect speeds, dull and unsuitable tools, all false and use¬ 
less moves, all hesitancy and “stalling” on the part of the operators, all 
delays due to imperfect jigs and machinery, the wrong locations and dis¬ 
position of material, and inexpert manipulation of equipment. 

Other desirable qualifications in addition to knowledge of the task are: 
(1) experience as an observer, (2) the power of analysis, (3) mechan¬ 
ical skill and judgment, (4) ingenuity, self-confidence and initiative, 
(5) tact, (6) self-control, patience and persistence, and (7) an honest, 
impartial attitude toward his work. High school graduates with shop 
experience, who are otherwise qualified and ambitious, make good 
observers. The observer must inspire confidence in and win the coopera¬ 
tion of both management and employees, and must bear in mind that his 
work has a far-reaching effect as it raises or lowers plant morale and 
affects costs. 
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Antagonism has been aroused against stop-watch study procedure 
because of (1) a lack of understanding of its aims and purposes, 
(2) incompetent observers, and (3) attempted secrecy of operation. The 
observer can do much to correct the hostile attitude engendered in the 
minds of the great body of workers by such errors of the past. Fairness 
and frankness with workers are necessary, together with a full explana¬ 
tion of methods used and of the completed studies. There should be no 
mystery about motion and time study. Attempted secrecy is unwar¬ 
ranted and arouses justifiable suspicion of selfish motives. 

Cooperation of Foremen Needed. —The cooperation of superintend¬ 
ents and foremen is essential to effective work. A critical aloofness by 
those in charge will result in open hostility and antagonism from the 
rank and file. Foremen are extremely sensitive to any encroachment 
upon their authority or any suggestion of their lack of a thorough knowl¬ 
edge of every job in their departments. Particularly they resent any action 
or word which will lessen their hold on their men as an assumption of 
arbitrary authority by the observer, or a parading of the foreman’s igno¬ 
rance before liis men. The observer will approach the foreman as an 
assistant, consulting and advising with him, and securing his approval of 
all that is done. The foreman must be in the foreground rather than the 
time study man. The latter must seek to inform, educate and interest the 
foreman while ostensibly assuming a knowledge on his part that cannot 
reasonably be expected. When it is evident to the foreman that the 
department can make a better showing under the new order, and that 
his position as a boss is strengthened, his assistance can be depended 
upon. With cooperation, information and data of past practice are forth¬ 
coming. Workmen will follow the example set by the boss, i nd by sug¬ 
gestions, wholesome criticism and hearty cooperation will make the 
observer’s task easier and the results better. With confidence established 
and the incentive of increased earnings provided, the skilled worker 
frequently proves to be a first-class industrial engineer within the sphere 
of his own job. The observer should utilize this fund of information and 
ideas, possibly gained through years of experience. 

Selection of Worker to Be Studied. —When making a stop-watch 
study, the operators selected for observation should be better than fair 
or average, but not necessarily highly skilled or expert. To select the 
most expert worker is to make a bad impression on the others, who will 
imagine that task standards are to be set unduly high. A fair or average 
man, on the other hand, will not work smoothly or steadily, or attain 
proficiency with new methods quickly enough. As a result, variables will 
snter into the study which make its taking more difficult and which must 
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be eliminated. The motions of a good worker are simple and direct—in 
harmony with the task. With poor operators, hesitation, false motions, 
and abnormal times make more studies necessary, and the results less 
dependable. For the effect on the shop, and for comparative purposes, it 
is sometimes a good idea to take studies on workers of different abilities. 

When it comes to setting the task, after the studies are completed, two 
things should be borne in mind: The first is that of the several types of 



Figure 117. View of the Hough Figure 118. Plain Decimal 

Time Study Board Stop-Watch 

“A" ib pocket for storage of blank 
sheets and data 

workmen; the average man is the one who represents the majority of 
the workmen in industry, and the task set should be fair to him; the 
second is that the value of a fast man should be appreciated and he 
should be permitted to earn more money—as much as he is able to make. 
The observer's aim is to establish a rate of output which can be main¬ 
tained over a period of years—^an industrial lifetime—with fairness to 
the worker. If a first class worker is not available, the proficiency of 
the operator studied will need to be evaluated by the observer and the 
time adjusted accordingly. 

Efforts on the part of a worker to deceive an observer are seldom 
successful. Hesitation, false motions, slowness, or awkwardness are 
quickly apparent. Attempts to stall will be detected because the worker 
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cannot be successful in stalling at the same points in the operation cycle 
or for the same lengths of time: his element time^ will vary considerably. 
If working sincerely, they will be fairly constant. With, say, ten readings 
covering each element, the abnormal times may be readily picked out. A 
skilled operator working at a uniform pace slightly below his usual 
standard might possibly mislead the observer, but this is not probable. 

Equipment for Taking Time Studies. —The equipment required 
for taking time studies is relatively simple and inexpensive. Observation 
sheets, a decimal stop-watch and a time study board suffice in most cases. 
A hand-counter or a speed indicator for determining shafting speeds 
may be required, while a slide nde and a comptometer or an adding 
machine for making compulations will expedite the work. Figure 117 
shows a standard time study board. The board is held on the left arm 
and the watch operated witli the left hand, which leaves the right hand of 
tlie observer free for note taking. 

The ordinary stop-watch used registers time in hundredths of a minute 
with tlie large hand, which makes one revolution per minute; and records 
consecutive minutes up to 30 with the small hand on the small dial. (See 
i'"igure 118.) The movement of the watch and the hands are set in motion 
hy moving the slide on the side (A), and stopped but the hands not 
returned to zero by a reverse motion. Pressure on the top of the 
stem (P> ) returns the hands to zero, but does not stop the watch move¬ 
ment or the hands, which instantly record time fron'i the zero i)oint again. 
Tlie s])lit-hand watch has an additional large hand which may be con¬ 
trolled inde])endently of the others. It operates normally with the other 
l)ig hand Init can he stopped at will; when released it again accompanies 
the big hand. Tins arrangement permits the extra liand to be stopped as 
the worker finishes an element of the task. When the reading is noted 
and recorded on the time study sheet, the hand is released to travel with 
the other one, until stopped similarly again. 

THE TECHNIQUE OF STOP-WATCH STUDIES 

The actual taking of stop-watch studies may be discussed under five 
headings, denoting successive steps in the procedure: (1) preliminary 
work; (2) dividing the operation into elements; (3) the observation 
sheet records ; (4) methods of taking times; and (5) determining proper 
operation times. The latter step involves establishing base times, perhaps 
noting deviation ratios, and making necessary allowances. 

Preliminary Work. —Unless job standardization work has recently 
been thoroughly done, the time study observer will have a certain amount 
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of preliminary work to do. This is normally the case in day-by-day 
practice. Therefore the observer will confront his task with an inquiring 
mind as suggested in the preceding discussion. 

The observer will note the condition of any machinery and equipment 
used, and see to it that machine feeds and speeds are in accordance with 
standards. In the “line up” of the job he will note that the workman is 
supplied with the proper tools and the work arranged most conveniently 
both for doing the work and also for disposal of the finished product 
with least exertion. It is often desirable to make a few preliminary 
studies with the watch to get “the run” of the work, to note interrup¬ 
tions which are occurring, to see that the work is being done correctly, 
and perhaps to accustom the operator to being timed. Some preliminary 
training and instruction of the operator may be necessary. 

All of this work will afford the opportunity to get acquainted with the 
operator and to win his confidence and cooperation. When the study is 
finished, the operator can be shown the study and an explanation offered 
of the allowances made for work incidental to the job, not overlooking 
anything for which he should be paid. The worker will inevitably be 
favorably impressed when he sees efforts made to reduce fatigue inci¬ 
dental to his job, to eliminate faulty machine conditions, and to ]>rovide 
him with proper light and ventilation, with properly sharpened tools, 
and to prevent interruptions and delays which reduce his earning 
capacity. There is opportunity at this point for cooperation of the 
observer, workman, foreman, and inspector to the end that all aspects 
of the job situation be thoroughly considered before standards are estab¬ 
lished. 

Dividing the Operation into Elements.—The taking of preliminary 
time studies aids in determining upon a division of the task into elements 
or sub-operations if these have not already been agreed ui)on in a motion 
analysis. They should be distinct, single, continuous phases or parts of 
the task, with definite beginnings and endings. In many plants standard 
terms are used for frequently recurring elements and these are carefully 
defined, as for example the following: 


Term Definition 

Set tool. Means the time needed to bring the tool to its 

proper position by aid of scales, calipers, tem¬ 
plates, gauges, stops, etc. 

Return tool . Includes stopping of lathe where necessary and 

returning tool to starting point. 

Means loosening the work, taking out and drop¬ 
ping it in truck, box, barrel, or other receptacle. 


Piece from chuck to truck 
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Til is practice enables comparisons to be made with other studies in 
which some of the same elements are included. The difficulty of record¬ 
ing accurately times less than .03 or .04 of a minute may influence the 
length of elements selected. 

The Observation Sheet Record.—Upon the observation sheet should 
be recorded all data pertaining to the task which have any bearing upon 
the time required. The conditions accepted as standard should prevail 
and be recorded in order that comparisons may be made if the time set is 
later questioned, or new studies made. Such data would include number 
of part, of operation, operator’s name or number, department, description 
of machine or equipment used, list of tools needed, a record of lighting, 
ventilation, and sanitary conditions, together with suggestions. The 
method used should be clearly indicated and a sketch of the part included 
with explanatory notes, dimensions, and description of materials. The 
finished sheet should be self-explanatory at any future time to anyone 
reading it. Studies made in one plant may be used to govern operations 
in others, even in distant foreign countries. The time study observation 
sheet shown in Figure 119 provides an excellent example of good prac¬ 
tice in this respect and should l)e carefully studied. 

Methods of Taking Time.—When the ol)server is ready to begin 
taking actual times he should stand in a position which will enable him 
to see clearly what is being done and be free to concentrate on the work 
at hand. A position in front will tend to remind the operator that he is 
under observation and make him self-conscious and nervous. A position 
a few feet to one side and slightly to the rear, but within conversational 
distance, is preferable. There are four methods of timing more or less 
commonly used: viz., the (1) continuous method, (2) repetitive method, 
(3) accumulative method, and (4) cycle method. 

The Continuous Method.—Figure 119 illustrates the continuous 
method of timing. The task having been divided into nineteen elements, 
the watch was started as the man started to work and as he completed 
each succeeding element the watch time was noted in column one oppo¬ 
site the element in question (the upper figure in the square). The time 
entered opposite the last element indicates the total time taken in doing 
the operation. In this case ten consecutive readings were taken, the watch 
being set back to zero at the beginning of each operation. Some observers 
prefer to secure the total elapsed time for all operations in one reading 
l)y letting the watch run continuously. The element times are readily 
secured (bottom figure in each square) by subtracting the watch reading 
at the beginning of an element from that at the completion. The time of 


















































Figure 119 Observation Sheet Record of a Stop-Watch Study 
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completion of the preceding element is obviously the time of beginning of 
the one in question. Thus, for element number five in column one: 
57 — 43 = 14, or 14 hundredths of a minute. 

The Repetitive Method. —^The repetitive method utilizes the “snap- 
back” watch. At the completion of the first element of the task, the time 
is noted, and the watch snapped back to zero; from which point the hand 
instantly moves forward in measuring the time for the second element. 
This procedure is repeated for each element. It is not a good method for 
general use. It gives element times directly, but the need for noting the 
elapsed time and the time taken in snapping the watch back to zero 
results in “lost” time. 

By using two w^atches as a unit, pressure on a bulb will stop one 
and start the other. In this way “lost time” between elements is avoided. 

The Accumulative Method. —The accumulative method is used when 
the element times are very short: from .003 to .02 of a minute. According 
to the accumulative method, tlie observer uses two or more stop-watches, 
tlie number depending upon his al^ility and the length of unit times, and 
keeps each watch for a separate element. Assuming that the symbols of 
the elements are a, b, c, d, c, f, the first watch is started at the end of 
element / and stopped at the end of element a. Simultaneously with 
stopping the first watch, tlie second watch is started at the end of element 
a and stopped at the end of element b. Both readings are then entered on 
the time-study sheet, and both watches are thrown back to zero ready for 
repeating this routine, which process is repeated at least 20 times. Since 
the escapement of the watch allows the hand to make three forward moves 
each .01 of a minute, by stopping the hands the reading of the element 
may be recorded to .003 of a minute. The sum of the readings of the indi¬ 
vidual elements may be checked by taking an over-all study of the com¬ 
plete cycle. 


The Cycle Method. —The cycle method of taking times also aids in 
getting short times accurately. If there are five elements in an operation, 
the five in sequence represent a cycle. Studies of as many cycles as 
there are elements are taken, omitting a different element each time as 
follows: 


(1) 

a 4 - 

b 

+ 

c + d 


— 

.10 

(2) 


h 

4- 

c 4- d 

4- 

c — 

.09 

(3) 

CL + 



c 4~ d 

4- 

c — 

.07 

(4) 

a -1- 

h 

4> 

d 

4- 

e = 

.10 

(5) 

a 4 - 

b 

+ 

c 4" 


e — 

.08 

(6) 

4a 4 - 

4^ 

4- 4c 

4- 

4d 4- 4c 


for four cycles. 


Adding, gives 
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Dividing equation (6) by 4 gives 

(7) a -1- 6 + c -h d -f e = (11 as the operation time. 
The time of element e is then secured by subtracting equation (1) from (7) : 

^ = .11 

ct b c d — .10 
__ 

The time of element d is secured by subtracting equation (5) from (7) : 

a b + c -i- d + e = A\ 

Q> b c .08 

d^T03 

And similarly for the other elements, disclosing the following values: 

a = .02; b = .04; c = .01 

Number of Observations. —The number of observations which it is 
advisable to take varies with the importance of the study, the total time 
required, possible variations in time required, the number of elements 
involved, and the amount and variety of extra work incidental to the 
operation. Enough must be taken to secure a true average of the time 
required. Extreme accuracy will not be so vital where the operation is 
performed infrequently. A task made up of a number of short elements 
with a total time of but a minute or less may merit the taking of as 
many as 100 studies, particularly if it is a standard task repeated day 
after day. Where the elements are few and take several or more minutes 
to perform and the operator is working uniformly, accuracy is possible 
with but a few studies. The probability of error is reduced when machine 
time rather than handling time is the larger percentage. Some time study 
observers believe that sufficient studies should be made to aggregate one 
hour of operation time. Thus, if the total time of the operation is only 
.60 of a minute, the study w^ould be taken 100 times. If the operation 
consumed 1 minute, 60 studies would be made; if the total time amounted 
to 5 minutes, 12 studies would be considered sufficient; etc. 

Analyzing the Data. —^With job standardization work accomplished, 
the best method of doing the work ascertained, the worker trained in 
this method, and finally, studies made with a stop-watch yielding data of 
the time taken in doing each element of the task by a “first class’" man, 
the observer is ready to analyze the data and determine upon the proper 
working time for the operation. Unless unusually complete information 
of all influencing factors is recorded on the data sheet, as in Figure 119, 
this analysis should be made by the observer while the conditions are 
fresh in his mind. 
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The time allowed will consist of two elements, base time plus allow¬ 
ance time. From the observed data the proper working time is deter¬ 
mined for each element, and the total of these element times will give the 
selected working time, or base time for the operation. In Figure 119 the 
times selected for each element are given in the final column headed, 
“Standard."’ To the sum of these it is obviously necessary to add certain 
allowances to cover preparation time, inevital^le delays, fatigue, machine 
maintenance, personal time, and perhaps make an allowance for the skill 
of the operator, etc. 

Selecting Element Times.—There are several ways of selecting ele¬ 
ment times. All methods first eliminate abnormal times. No absolute 
general rule can be made regarding these, but time study men advocate 
that minimum or maximum isolated items 25% less or 30% greater, 
respectively, than an adjacent item should usually be rejected, and this is 
standard practice in many plants. From this point methods vary in 
choosing times for the several elements. They are known by the times 
they use, as (1) average, (2) minimum, (3) modal time, and (4) “good” 
time. 

The Average Time Method. After eliminating abnormal times the 
average of the remaining times may be chosen, and this is a common 
practice when first class operators are studied. Its reasonableness appeals 
to the worker, and if the study is a “good” study, it should be fair in 
most cases. However, if the liability to error is in one direction only, it 
will not prove satisfactory. 

The Minimum Time Method. To choose the minimum time in 
which each element is performed is to reduce the base time considerably 
below the average. It gives element times which may be considered as 
theoretical or ideal times, but which are impossible of attainment by the 
great body of average workers. Hence it is too severe and not fair to 
the workers. In Figure 119 the minimum time is 19% less than the 
average time. 

The Modal Time Method. The modal time, or most frequently 
recurring time may be chosen. Analyzing Figure 119 it will be noted 
that the time is less than the average time for twelve elements, greater 
in the case of six, and the same in one instance. The total of the modal 
times is but .016 of a minute less than the average; however, there is 
usually a greater difference in this direction. A time arrived at in this 
manner is one to which little objection can be taken, as it represents 
what is done in the majority of trials. 
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The “Good” Time Method. The practice of choosing “good” times 
as base times is not uncommon. The idea is that a time which is attained 
with reasonable frequency can with practice become an average time; 
and that the task set should be one requiring, on the average, improved 
performance. “Good” times are those appearing perhaps 15% to 30% 
of the total number. Their selection results in slightly lower times than 
the preceding method. 

Deviation Ratios.—After eliminating abnormal readings for an 
element, the average and minimum times are determined. Dividing the 
former by the latter gives the deviation. The deviation ratio for the task 
is found by dividing the total of average element times by the total of 
the minimum column. It has been found that an average operator work¬ 
ing fairly and consistently will have a deviation ratio of between 
1.20 and 1.30. A lower ratio is exceptional and ratios that are 
much greater should be questioned. Whether or not a time study is 
“good” may l)e determined by applying this check. It is possible but 
not probable that a skilled operator, working at a uniform pace below 
his best, might bring about a low deviation. A high deviation ratio for 
an element may indicate some hindrance to a uniformly rapid rate of 
performance, which when disclosed can be eliminated. In Figure 119 
the deviation ratio is 1.23, which is satisfactory. 

Determining the Level of Performance.—The judgment of the 
o])server is used to determine the degree of efficiency and effectiveness at 
which the operator is working. The observer will have in mind an accept¬ 
able standard of performance and rate the worker accordingly. He 
should be trained in this acconijilishment so that approximately the same 
judgment will apply in all cases. This may result in a rating of 100% if 
the worker meets the standard, or 110%, or 90%. The base time would 
be corrected accordingly. 

The Westinghouse Company has developed a technique to aid the 
observer in his judgment, which is used widely. They list the factors 
which influence productiveness, and descriptive words to denote the 
degree of each. Numerical values are assigned to each of these levels, as 
indicated in Table 11. A summation of the numerical values would give 
a figure, which when multiplied by the sum of the selected element times 
would give the base time (the net operating time allowed). To this are 
added the necessary allowance times to obtain the standard job time. 

Determining Allowance Time.—^As previously indicated an addi¬ 
tion to the base time must be made to cover fatigue if present, unavoid¬ 
able delays of all kinds, personal time, and sometimes preparation time. 
Allowances for tasks with which the worker is unfamiliar or which are 
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Table 11. Performance-Rating Table 


Skill Effort 


+0.15 

A1 

Superskill 

■n 

1 

A1 

Killing 

+0.13 

A2 i 


^B 

A2 


+0.11 

B1 

Excellent 


B1 

Excellent 

+0.08 

B2 



B2 


+0.(16 

Cl 

Good 

-fO.05 

Cl 

Good 

+0.03 

C2 


+0.02 

C2 


0.(K) 

D 

Average 

0.00 

D 

Average 

-0.05 

El 

Fair 

-0.04 

El 

Fair 

- 0.10 

E2 


-0.08 

E2 

I 


-0.16 

FI 

Poor 

-0.12 

FI 

Poor 

-0.22 

F2 


-0.17 

F2 



Conditions 


Consistency 

+0.06 

A 

Ideal 

+0.04 

A 

Perfect 

+0.04 

B 

Excellent 

+0.03 

B 

Excellent 

+0.02 

C 

Good 

+0.01 

C 

Good 

0.00 

D 

Average 



Average 


E 

Fair 

-0.02 

H 

Fair 

B 

F, 

Poor 

-0.04 

F 

Poor 
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performed infrequently need to be greater than for familiar, repetitive 
operations. Speed is gained slowly on new work. 

The fatigue allowance should be sufficient to bring the standard time 
to the point where it is possible for the employee to maintain it year in 
and year out. Fortunately most jobs are now performed by methods 
and under working conditions which minimize fatigue, and a fatigue 
allowance is seldom needed. Where the work is severe, proper allowance 
should be determined for each individual job. Past practice has been 
faulty in this respect, in that allowances for this cause have been gener¬ 
ally included in all job times. When necessary, fatigue allowances may 
]je from 10% to 30% of the job time. 

Delays may be avoidal^le or unavoidable. The former will not be 
included in job times. Likewise when unavoidable delays occur, as for 
machine repairs, the work may be temporarily discontinued. However, 
incidental interruptions do occur, and minor delays in the work are 
occasioned by tool breakage, machine delays, variations in material, and 
supervision. These should be reduced to a minimum, but full allowance 
made for those which necessarily occur, as determined by careful observa¬ 
tion and study. 

Machine delay allowances are the result of experience in the particular 
plant. They will vary with the type of equipment and the care with 
which it is maintained. Typical allowances are: 


Machine time (power-feed) . 5% to 10% 

Machine time (hand-feed) . 20% to 25% 


These allowances are applied to machine time only. 

There are unavoidable delays of a character which are not incident to 
the actual doing of the task itself, and coming outside of the operation 
cycle may not show up in stop-watch studies. Examples of such unavoid¬ 
able delays are changing from one job to another, removing finished 
product, procuring new material, receiving instructions, adjusting con¬ 
ditions around working place, inspecting completed parts, and the like. 
Unavoidable delays are usually cared for through adding arbitrary 
allowances. Some use a factor of 25% of preparation time. These 
allowances are often a very small proportion of time for the whole job, 
and may be of little practical value other than their effect upon mental 
attitudes of the operator. On automatic work they are often of impor¬ 
tance. 

Personal time allowances are usually from 3% to 5% ; although some 
plants plan on 7yi hours of productive time in an 8-hour working day. 

Preparation time necessarily varies with the task and with the indus¬ 
try. It may be cared for by considering the preparation time as a separate 





404 


INDUSTRIAL MANAGEMENT 


[Ch. 23 


element of the task, when preparation is necessary preceding each opera¬ 
tion, and is of relatively short duration. When preparation is in itself a 
major operation and the time required is independent of the resulting 
production, as in the case of setting up automatic machines, or when it 
takes considerable time and is of infrequent occurrence, it is best con¬ 
sidered as a separate operation. An example of this would be the adjust¬ 
ment of a paper machine for a particular grade and weight of paper. In 
other cases the preparation time may be distributed as an addition to the 
unit production time. This is feasible when the output following prepara¬ 
tion is a definite amount, so that each unit may bear its proper amount 
of burden. 

Much of the criticism and ridicule wdiich has been leveled at time study 
has been due to the arbitrary and often absurd allowances added to base 
times. The worker has little confidence in the reasonableness or fairness 
of any method which measures his motions to .02 of a minute, or less, 
and then admits the uncertainty of results by lump-sum allowances of 
30 to 50 or even 100% of the actual time of doing the operation. Allow¬ 
ance times should be carefully determined, and separately aj^plied, and 
the reasons and basis for each of them should be made known to the 
workers. 

Reference to Figure 119 shows allowances for the molding operation 
studied as follows: 

32.2% allowance for pouring and resting. 

5.5% allowance for cleaning pattern, etc. 

21.0% allowance for fatigue. 

In this study the worker is indicated to be ‘"average,” and the sum of 
the average element times is taken as the standard time. The first two 
allowances are considered necessary if the worker is to maintain produc¬ 
tion at the rate set. The third, or fatigue allowance, is not so considered, 
although no further allowance is made for personal needs. It is the idea 
in this plant that a good worker may utilize the standard 20% allowance 
time for fatigue in increasing his earnings if he so wishes. 

Time Studies on Automatic Machinery.—The output of automatic 
machinery could be readily calculated, if the speed of operation is known, 
if it were not for delays due to replenishing materials, changing tools, 
making minor adjustments, and other causes. Hence in taking time 
studies of this type of equipment the cause and time of all interruptions 
to continuous, uniformly rapid operation must be noted over a sufficiently 
long time to make sure that none has escaped notice. When known they 
may be eliminated or proper allowances made. The record of actual out- 
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Figure 121. Standardized Operation Sequence and Task Assignments of Group Production Operations 
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put over the period of study may often be obtained by use of automatic 
counters. From the data obtained a factor ma^ be derived which when 
applied to the theoretical capacity of the machine will give its normal 
output. 


Group Operation Studies.—Studies of group production in progres¬ 
sive manufacturing operations are conducted essentially the same as 
individual operation studies. First, a thorough job of industrial engi¬ 
neering is followed by training of selected workers, and finally by stop¬ 
watch studies on individual elements of the task. The accompanying 
chart (Figure 120) shows the results of a preliminary study of 47 opera¬ 
tions, performed by a group of 71 men. Presented graphically the amount 
of time worked by each, the division of the task among the group, and 
bonus earnings are clearly shown. Following a careful study the work 
was rearranged and divided as indicated in Figure 121. Much time was 
reclaimed, as indicated by the reduction in numbers of the group, and 
most of the group enabled to earn a bonus. 



CHAPTER 24 


MOTION AND TIME STUDY—PUTTING STANDARDIZED 
METHODS INTO PRACTICE 

Synthetic Time Studies.—In the last chapter the method of deter¬ 
mining operation times from stop-watch studies was explained. Previ¬ 
ously it was indicated that it was possible to obtain times from micro¬ 
motion films when these were utilized. A third method has been used 
very successfully by certain motion and time analysts to obtain standard 
task times without the necessity of observing each particular job. These 
are known as synthetic time studies inasmuch as they are built up in the 
office from data previously obtained in other studies. To make these 
possible standardized conditions must prevail. 

Many individual jobs have sub-operations or elements which are 
common to other jobs. With this idea in mind it is the practice in some 
shops to study all the elements involved in doing work. A proper working 
time for each basic element is determined. Data of this kind may be 
obtained partly from machine tool builders, from available stop-watch 
studies, and from the analysis of fundamental motions involved in per¬ 
forming the work. These may be utilized to prepare charts, diagrams, and 
formulas by means of which any job time within the range of the work 
studied may be determined. This technique is more costly to begin with 
and may be slower in yielding individual job times, but it is economical in 
the long run. 

Preparation and Use of Time Standards.—Time studies of individ¬ 
ual operations may be a source of data for element times used in formu¬ 
lating these time standards. When the preparation of time standards is 
the immediate objective rather than individual operation time studies, the 
procedure outlined in the preceding chapter is varied somewhat. 

It is desirable to analyze and study the work performed with the idea 
of preparing a standard list of elements which enter into it. Attention 
is then centered upon gathering data pertaining to these element times 
when and where possible. Values as determined may be expressed in 
tables, charts, and formulas. As an illustration, one element of foundry 
moulding operations for floor moulding is, ‘‘Level floor before setting 
board.’’ Numerous studies provide time data for this element which 
permits a chart to be prepared as in Figure 122. From this chart the 
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Area of Flask-Sq. Ft. 


Figure 122. Example of Graph Showing Proper Element Time 


time for this element, using various flask sizes is readily determined. 
Similarly for other elements. Times can be set without going into the 
shop and with the certainty that results will be equable, one with another, 
and constant regardless of the time at which they are set. While stop¬ 
watch studies are usually good, it is not possible to eliminate a certain 
amount of inconsistency in task time. The well-being of the operator, the 
time of day, working conditions, or judgment of the observer may 
influence the time recorded for an individual study. These variations are 
eliminated by the compilation of standard data. However, to obtain suit¬ 
able values for the various elements requires the closest observation, a 
large number of data, and a thorough familiarity with the subject in hand. 

The use of standards for determining operation times assures the 
maintenance of operating conditions as established, for with any slack¬ 
ness the times set will not be attainable and will call for an investigation 
leading to a correction of them. The use of standard data also sets times 
on a basis of the conditions and methods that ought to prevail, which may 
not be so true in the case of individual operation studies unless the 
observer is unusually alert and thorough in his work. Task times set 
from time standards will be more consistent than those established from 
individual time studies. 

Interpolation and Extrapolation of Standard Times.—When opera¬ 
tions to be performed are the same except for variation in weight or size 
of the material worked upon, the distance walked, the length of haul, or 
the extent of the work to be done (as number of holes to be drilled in a 
part), it may not be necessary to take individual time studies of every 
operation. For instance, several different sizes may be studied and the 
times plotted on cross-section paper, using time intervals as ordinates 
and sizes as abscissae (as in Figure 122). By drawing a curve through 
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and beyond these points the time required for sizes other than those 
studied will be indicated. At points where some change in equipment or 
method is necessitated due to size or weight variations, for example, 
there is likely to be a sudden l^reak in the curve, and these points must be 
studied carefully. If tlie curve is of irregular shape for the point plotted 
it will not prove dependable in indicating other operation times. 


Time Standards for Fundamental Motions.—The Time and Motion 
Study Group of the Industrial Management Society, Chicago, suggests 
the following technique as a practical method of motion analysis and the 
determination of time data which (1) is simple enougli that it can be 
taught to and practiced by‘the operator on the job; (2) will produce 
consistent piece rates which the operator can check; and (3) enables the 
operator to work out his own improvements. 

Scope. The time data in this plan apply under the following con¬ 
ditions : 


(a) The work is done while the operator is seated. 

(b) The work is performed within the “normal grasp areas.” 

(c) Weights handled do not exceed 2 pounds. 

Description of Plan. The task studied employs eight motion ele¬ 
ments as follows: 

TE (Transport empty) The motion of moving the empty hand from 
one place to another. 

G (Grasp) The motion of closing the fingers on an object. 

TL (Transport loaded) The motion of transporting an object from 
one place to another. 

P (Position) The motion of placing an object in a predetermined 
relationship with another object. 

R (Release) The motion of opening the fingers to release an 
object. 

I (Inspect) The eye motion of moving to and focusing upon a 
certain point. (This element is seldom used in the ordinary 
production operation. It covers the actual inspection time 
when both hands are idle or arc doing ineffective work.) 

D (Delay) This is not a motion but is employed for the purpose 
of balancing the motions of one hand with the motions of 
the other hand. Delays are of two general types: 

1. Where the hand is idle or waiting or is doing ineffec¬ 

tive work such as holding. 

2. When the other hand is doing work which requires 

visual or conscious direction. 

The proportion of “D” items in the analysis indicates the 

extent to which the method is inefficient. 
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M (Machine time) This is the chargeable time for the machine 
cycle where the hands must wait until the machine or tool 
has completed its work. 

Time Vali’e. The time values for the above elements are as follows : 


Motion 

Time in 

Minutes 

TE 

.005 

G 

.002 

TL 

.005 

P 

.005 

R 

.002 

D 

Give time value of 

M 

opposite motion. 
Time must be calcu- 


lated for each 
operation. 


Application of Time Values. 

1. The motion elements are divided into two groups: 

(a) Manual elements 

TE .005 

TL .005 

R .002 

7t will be noted that these elements arc of such nature that they do not 
ordinarily require conscious mental direction to perform them. 

(b) “Mental” elements 

G .002 

P .005 

These elements usually require conscious direction by the mind and eye. 
This conscious effort can be eliminated from the “grasp” by having the 
parts or tools prepositioned and in fixed locations, and from the “position” 
by the use of mechanical guides. 

2. The elements arc applied by listing them as they occur in the opera¬ 
tion. An X 11" lined sheet may be ruled and headed as follows to 

serve as a motion analysis form. 


L. //. R, IL 


Motion 



Motion 



Element 

De.scription 

Time 

Element 

Description 

Time 
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3. As each element is listed in one column a corresponding entry must 
be made in the adjacent column, thereby '‘balancing” the work of the two 
hands. In balancing these motions one important rule must be followed. 

Rule: Manual motions can be balanced with each other and with Delay. 
Mental motions can be balanced only with Delay. 

Examples : 

Balancing Manual Motions 


TE 

L. H. 
to part 

.005 

TE 

R. 

to part 

H. 

.005 

TL 

or 

part to fixture 

.005 

D 

wait 

on 

L. H. 

.005 

Balancing Mental Motions 

L, H. 

G part .002 

D 

wait 

R. 

on 

H. 

L. H. 

.002 

D 

or 

wait on R. H. 

.005 

P 

part 

in 

fixture 

.005 


The explanation of this rule is that conscious attention cannot be given 
to more than one point at a given time. Experiments have shown that in 
grasping parts from a haphazard pile of parts with both hands working 
simultaneously, one hand waits until the other has grasped the part before 
it starts its motion. The same is generally true of “position.” 

4. An example of the application of the time values may be shown by 
an operation on a punch press. 

The examples cover the manual motions involved in inserting small 
individual parts into a punch press die with tweezers. One part at a time 
is picked up with the left hand and placed in tweezers held in the right 
hand which inserts the part in the die, releases the part and withdraws the 
tweezers while the foot presses the treadle to operate the press. The parts 
are automatically ejected by an air blast. The manual elements are per¬ 
formed simultaneously with the operation of the press, therefore, the time 
for the machine cycle is not chargeable to the time required to perform 
the operation. The machine is equipped with a swinging safety guard. 

Example 1: Parts which do not require positioning in the die such as in 
a bumping operation. 


Motion 

Element 

L, H. 

Description 

Time 

in 

Minutes 

Motion 

Element 

R, H, 

Description 

Time 

in 

Minutes 

TE 

to part . 

.. .005 

TL 

part in tweezers to 

G 

to part . 

.. .002 


Hie . 

. .005 

D 


.. .002 

D 

wait on L. H. ... 

. .002 

TL 

part to R. H. .. 

.. .005 

R 

part . 

. .002 

D 


.. .002 

RE 

tweezers to L. H.. 

. .005 

R 

part . 

.. .002 

G 

part in tweezers. 

. .002 



.018 

D 

wait on L. H. 

. .002 
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Example 2: Washer-shaped parts. Located over one round pilot or into 
a round nest. 



L. H. 



R. H. 




Time 



Time 

Motion 


in 

Motion 


in 

Element 

Description 

Minutes 

Element 

Description 

Minutes 

TE 

to part . 

.. .005 

TL 

part in tweezers to 

G 

part . 

.. .002 


die . 

. .005 

D 

wait on R. H. .. 

.. .005 

D 

wait on L. H, ... 

. .002 

D 

wait on R. H. .. 

.. .002 

P 

part in die .... 

. .005 

TL 

part to R. H. .. 

.. .005 

R 

part . 

. .002 

D 

wait on R. H. .. 

.. .002 

TE 

tweezers to L. H.. 

. .005 

R 

part . 

.. .002 

G 

part in tweezers . 

. .002 



.023 

D 

wait on L. H. ... 

. .002 






.023 

Example 3: Odd-shaped parts. Located over 

more than one 

pilot or 

over one 

pilot and between two pins. 

Any part requiring more than usual 

difficulty 

in positioning. 






L. H. 



R, H. 




Time 



Time 

Motion 


in 

Motion 


in 

Element 

Description 

Minutes 

Element 

Description 

Minutes 

TE 

to part . 

.. .005 

TL 

part in tweezers to 

G 

to part . 

.. .002 


die . 

. .005 

D 

wait on R. H. .. 

.. .005 

D 

wait on L. H. .. 

. .002 

D 

wait on R. H. .. 

.. .005 

P 

one end of part. 

. .005 

D 

wait on R. H. .. 

.. .002 

P 

other end of part 

. .005 

TL 

part to R. H. .. 

.. .005 

R 

part . 

. .002 

D 

wait on R. H. .. 

.. .002 

TE 

tweezers to L. H 

. .005 

R 

part . 

.. .002 

G 

part in tweezers 

. .002 



.028 

D 

wait on L. H. .. 

. .002 






.028 


The total standard time per part can be computed by adding allowances 
to the above values for periodic gauging of parts, handling containers, etc. 
The result will be a time standard for punch press operations of this type 
which is of universal application. 

Charts, tables, and formulas may also be developed from these analy¬ 
ses, so that a mathematical calculation, consistent time values for given 
classes of work may be determined in much less time than by individual 
time study methods. 

Instruction Cards.—Written instructions for employees in the form 
of standard practice instructions were discussed in the chapter on Stand¬ 
ardization and Simplification. In Chapter 22 process charts as used for 
instruction purposes resulting from motion analyses were presented. 
Instruction cards mav also be prepared and used advantageously follow- 
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INSTRUCTION CARD 

Cat. No. 

A Z 1000 

Complete Description of Operation 

Molding (Plate) 8 in mold. 

Number of 
Men onJob 

1 

Machine No. 

GOVERNING CONDITIONS 

Speed IS Feet 

Feed per Rev. 

Depth of Cut 

Gau^e Limits 

Jpols UaccL 

No. of Toole 
or Drills 
Operator 
Should Have 

Material 

Spiadl* I. P. M. 

Cone 

1Z34 DriTer 
4321 Driven 

ME NT 

DETAIL OF ELEMENTS AND INSTRUCTIONS TO OPERATORS j 

TOOLS 

USED 

MINUTES TO 
COMPLETfe 

1 

CoT)e and olate 

.on bench 


1 Handf 

.083 

.087 

2 

_Drag on bench 


II 

3 

Riddle sand 

Middle 

.067 

4 

Shovel sand 

Jhovel 

.161 

5 

Pack and tuck sand 

3 Hand! 

; .136 

6 

Strike off and board on 

3oard 

.096 

7 

Invert flask 

3 Hand* 

1 .064 

8 

Riddle sand 

Uddle 

.065 

9 

Shovel sand 1 

Shovel 

.268 

10 

Peen sand 

II 

.151 

11 

Strike off and board on 

Board 

.123 

12 

Press (Saueeze) 

Squeezi 

jr.l02 

13 

Board off and cut sprue 

Sutter 

.096 

14 

Cope off 

3 Handi 

1 .093 

15 

Plate off 

. II 

.075 

16 

Cope on (patch mold, 1 in lO) 

II ■■ 

. lS3 

17 

Flask off 

II ■ 

.083 

18 

Carry out (Average length 12 ft) 

..n" " 

.200 

19 

Back to bench. ' 

ifalk 

.078 

20 


■ 

2.191 

21 




22 




23 




24 

' 



25 




26 




27 




28 




29 




30 





TOTAL TIME 



Machines on which proper speed and feed can be obtained. 

ENGINEERING DEPARTMENT 

This form to be need for recortlin|[ data from time atndy sheet and li Sant tO head of departmeftt at 
complete isstructiona ahowlod method and ortcr of opcrattona. 


Figure 123. Instruction Card 
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ing many stop-watch studies. An instruction card should inform the 
worker regarding the task in every particular, answer all questions of 
“what to do and how to do it,” and give complete information of equip¬ 
ment, tools, and materials used. Sketches or drawings are frequently 
helpful in showing arrangements or set-ups and in making instructions 
clear. 

Figure 123 illustrates an instruction card prepared from data sup¬ 
plied by the stop-watch study in Figure 119, pages 396-397. It shows 
the elements of the operation in the sequence in which they are to be 
performed and the time allowed for doing each. The equipment and tools 
required are listed, and there is space for including data as to speed, feed, 
depth of cut, and the particular machine to be used in the case of machine 
operations. The method of performance is made clear step by step. On 
the reverse side of the instruction card is supplied the rate per 100 pieces, 
with allowance times and all computations leading up to the determination 
of standard hourly production, so the worker can see for himself how the 
task was determined. (See Figure 124.) 

Value of Instruction Cards.—Instruction cards had their beginning 
in the metal trades industry. Frederick W. Taylor in his great paper, 
“On the Art of Cutting Metals,” shows that every metal-cutting opera¬ 
tion “involves the solution of an intricate mathematical problem in which 
the effect of twelve independent variables must be determined.” ^ The 
impossibility of a machinist solving such problems is apparent; but the 
proper feeds, speeds, depth of cut, tools, etc., to use can be determined for 
each operation and the information supplied to the workman. Instruction 
cards separate planning from performance in a very effective way. They 
are now used generally throughout industry for a wide variety of tasks 
from washing windows to the operation of intricate machinery. They 
simplify the giving of instructions and training and the issuing of orders; 
they provide permanent records of standard conditions and best methods, 
preserving good ideas and checking tendencies to backslide. Used with a 
“tickler” system, instruction cards assure regularity and thoroughness 
in the doing of occasional jobs. More important still, they may bring 
within the range of the worker tasks which he otherwise could not per- 


' “On the Art of Cutting Metals,” by Frederick W. Taylor, p. 32. The variables as 
named by Taylor are as follows: (a) the quality of the metal which is to be cut; (b) 
the diameter of the work; (c) the depth oi the cut; (d) the thickness of the shaving; 
(e) the elasticity of the work and of the tool; (f) the shape or contour of the cutting 
edge of the tool, together with its clearance and lip angles; (g) the chemical composition 
of the steel from which the tool is made, and the heat treatment of the tool; (h) whether 
a copious stream of water or other cooling medium is used on the tool; (j) the duration 
of the cut, i.e., the time which a tool must last under pressure of the shaving without 
being reground; (k) the pressure of the chip or shaving upon the tool; (1) the changes 
of speed and feed possible in the lathe; (m) the pulling and feeding power of the lathe. 



PIECE WORK PRICE CARD 
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form, as in metal cutting. In repetitive work, instruction cards are re¬ 
ferred to less frequently as the worker become^ familiar with the task, 
hut they are no less valuable as a record of methods and standards to be 
maintained. They are often helpful in the training of new workers. For 
jobs not so frequently repeated they assure proper procedure and make 
certain tlie attainment of quality and quantity standards without delay 
or experiment. 

Written Instructions Benefit Workers.—Written instructions take 
to all the workers the best known method of accomplishment. They do 
not prevent the worker from exercising his ingenuity and skill in effecting 
improvements; in fact, worthwhile incentives should be offered to this 
end in the form of substantial money rewards. However, they do prevent 
any retrogression and give all the benefit of innovations adopted. In this 
way they enable each person to benefit to the maximum from his efforts. 
They do for him what he would do for himself if he possessed the wide 
range of intelligence, the time and command of facilities necessary for the 
compilation of the information. The methods or procedure outlined are 
logically the easy, natural methods and lead to perfection of accomplish¬ 
ment. The worker is no more degraded or made an automaton than any 
artist is when he strives for perfection of technique as indispensable to 
the best expression of his art. 

The practice of submitting to the w^orker complete data and informa¬ 
tion in written form provides every incentive for fair and accurate work 
by the motion and time study department. Individual element times offer 
an opportunit}' for a detailed check which the w^orker will make. Allow¬ 
ance times must stand the test of the w’orker’s experience. In the past 
concealment of data provided a w’ay for imposing unfair times upon the 
workers, but management defeated its owm aims, for the w^orkers cannot 
be fooled, ^^"ith all the “cards on the table” there can be no jokers in 
motion and time study. What is right is apparent to all concerned. 

Motion and Time Study Makes Wage Policy Effective.—For any 

wage polic}^ to be effective rates must be equable and correctly set. 
Motion and time study assures this. Past unfairness in the practice of 
rate cutting makes it advisable to guarantee the permanence of wage rates 
to the workers, and a statement to this effect may appear on the instruc¬ 
tion card. Tlie guaranty is best made subject only to changes in operat¬ 
ing conditions, equipment or in the task itself. In Figure 124 the rate is 
guaranteed so long as “the elements outlined” are follow^ed, hence the 
worker may produce the maximum quantities possible without fear of 
being penalized. 
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Training in the Established Method.—A task may resolve itself 
into a natural sequence of elements which are necessarily performed in a 
given way because of the equipment used. In these many cases the 
method, motions, and movements of the worker are largely regulated by 
the arrangements. The training required is principally limited to practice 
in the use of the equipment. In order not to repress the worker’s individ¬ 
uality or ingenuity and possibly make him feel that he is being reduced to 
a machine, stress should be placed upon exactness in manner of per¬ 
formance only as necessary to aid him in getting results. Some firms 
make no effort to train the worker in manner of performance unless he 
requests instruction, which he will usually do if he has difficulty in attain¬ 
ing the standard. 

For many operations, exacting training in motion and rhythm is 
imperative if high task standards are to be achieved. Merely supplying 
the worker with an instruction card outlining the manner of performance 
wdll not suffice. If the method is different from past practice or if it is 
complex, it will involve teaching him new habits and breaking old ones, a 
task requiring infinite patience and tact. Before this is attempted the 
worker should have a clear conception of the new method and realize 
that it is easier, quicker, and more profitable to him. Then the instructor 
must guide him step by step in doing the job the new way, repeating the 
process until the worker is thoroughly familiar with each elementary 
detail of the operation. The instructor must not become discouraged or 
impatient with the worker’s slowness to learn the new technique. In¬ 
grained habits are hard to change, and the acquirement of skill a slow and 
tedious process for many. The workman will not learn the job by obser¬ 
vation alone, but as a student is taught to write, will need to be drilled 
in every movement. The individual who qualifies for the task with some 
difficulty will likely be content to remain at that task, whereas the more 
easily trained worker capable of going higher will soon leave a vacancy. 
The beginner who fails to “get the hang’’ of the job will also leave. 
Proper training brings low costs, decreases expensive labor turnover, and 
eliminates waste incident to poor craftsmanship. 

Production Time Studies.—A production time study is a study of 
a job under normal operating conditions over a period sufficiently long to 
disclose any machine and equipment difficulties or deficiencies, unneces¬ 
sary delays, waste of time, unsatisfactory environment, wrong methods, 
and the cumulative effect of any fatigue. Inability of an operator to con¬ 
sistently achieve the standard set by the time study observer through no 
apparent fault of his own, suggests possible error in the original study. 
A production time study may be made, preferably with the use of a stop- 
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watch over an entire working day or even longer, to disclose the reasons 
for failure. 

Figure 125 is an example of a production time study where the observer 
simply noted the various activities of the operator and the time taken for 
each, together with the completion times of each operation. The data are 
presented graphically, and in practice, different-colored lead pencils are 
used to denote the several classes of time recorded. At a glance they give 
a clear picture of the use of the time. This is summarized in minutes and 
percentages at the bottom of the chart together with information of the 
number of pieces produced and productive time per piece. As the output 
was 213 pieces a good check is afforded on the correctness of the original 
time study (shown in Figure 119), and the reasonableness of allowances 
made. A more refined method of making production time studies is to let 
the watch run continuously, taking down element times as well as the 
time of interruptions, delays, and time taken in doing the various classes 
of work. This is more laborious but provides additional data for detect¬ 
ing discrepancies and variation in the operator’s methods, and will pos¬ 
sibly enable the observer to make immediate corrections. Production 
time studies are obviously the “acid” test for time study work. 

Carefully made time studies will not often be found in error, but the 
willingness of the management to subject them to test under working 
conditions should do much to further the faith of the workers in their 
reliability. A production time study checks the management’s success in 
maintaining standards and discloses any overlooked hindrances to the 
doing of the task, as well as revealing deficiencies and delinquencies of 
the operator. The results are conclusive and offer little opportunity for 
argument. 

The Motion and Time Study Division.—The work of the time study 
division includes: (1) job standardization and motion analysis prelim¬ 
inary to time studies; (2) taking time studies; (3) analyzing the data 
and fixing of base times; (4) establishing proper time allowances; (5) 
preparation of instruction cards and training of the workers ; (6) making 
production time studies on completed work; and (7) job evaluation. 
Also there will be need for constant cooperation between this depart¬ 
ment and the operating departments with respect to improvements in 
equipment, tools, and procedure which motion and time study constantly 
suggests. 

In establishing a new department it is essential to engage competent 
individuals and to exercise the utmost thoroughness in doing the work. 
The extent of the organization needed will vary with the character and ex¬ 
tent of the manufacturing operations. Ordinarily it will take one man sev- 
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CLAPSeD TIME. 114 MINUTIS. 

20 30 ’ 




’A f* I .fjrji f r^A fA 'MS fM. fjf. wjr. M r/. cvi u r 


7 'rjA K 

7 rf.r^A’M^^4 Va R 

2 'i» /yi w » rA w WA AA. - /i V 

^^AAWAMA’mAAAAA’AArAAJA. .<j ^ 

5; >/5«»»>yw»W!«ws -rj-. 

^AAeAr.f. A-AAAArAAA.r^.r^A'jrAA 

^y AA.rjAWAW.t 

7 rA.r^d'AAAA.rAA.i'A* \*Aa1 'a’^AW. 

^yA'^Arjr.wAuvd rAWWA-AAr^A a 
fA^.KAd^ 

2 AA AA.rjrirAAA’A fA'AA AA.AA .^'A r 
Z^t'^ty^A’AAAA fAAAAA.AA. / N 
Z AAAAaT^A WAAA rA AA.A^.rAA’A /• 
7AA.A^ArAArAAAArAAA.nAArMAyA\A 
Z< ^.f^AVA'AA.AA.fA.AAAVA’AAi 1 


ry.ry'A’WAt r.ryAA 
ry.wAA’AAAAAwyd a 
^"'A'AAA. fjrArAAi 
•A 'f ’A'AA.fAA'ArA 9. 
’ATj - fA rA'yyA’AAA 
•yyA-yryA’WA'^AA A. 


A.ry.ryiryAf^A’jrA 
A. ryrMArjFAryAWA 
t.ryA^jAA^yA'jAA'MA 
fA 'MA^^A'yA-JtA'AA 

rAryATyA’^AWA^A 


•a'a'^ava AA.ryA 
•AdryAAA AA.ryA 
WATAA ryry.ryA 
Aaaa fy.r^A^yA 
AAyA.ryA^yAVA 
AAAy.ryAryA’MA 


rArAryA'^AAA WA 
•jAd'yAyA AA'ATA 
’. A'yAAAWA-^A 
’AAVAi tAA". / 
•AA-AA AAAA'AA 
•AAWAAAWAAA 
AA A’A’iAA-AA AA 


A7i’7ys^S''rZ7i 

AA AA AAAA / dt 
AAAAAAi ?AAa 
WA i 

WAAAAAAA .i.9 
rAAAAAAA .iM 


'AAAA, TAAAAAAA 

'AAAA. fAAAAAwyr/A 

tr^AJr 


•adJMMircL#^ 
kMMPMnna/'x. 
► : •tA^C^'AA.AA 
'a, K^AA-AAd 


rAAA,rAA’yA’AAAAAAAA.ryAKAA’AA’AAAA. »Aa 
fAA^^d^AAAA'AAAA AA. f^yyA’^A'AA'yAAA^A'A^A 
^AA^Ad’yA AA'MA AAAy.rAdryA'yA AA'yA AAMA’AA 
^AA’AAAA.A^.rAAArAA-AAAA^AAAA’^A’AA 
'Aa^Aa AAAAA t AA.rAd’AA’AAAA AA'AA'AJ'AA AA 
^Aa^Aa'AA'AA'AJ AA.f. a^Aa’^AA AA AA'AA’AA’AA AA 
•Aa'^A WA AA AA AAaVaVa'jAA AAAA^^A’J'A AA AA 
•AA AA AAAAAA ^Aa’AA’AA'a fAA AA'AA AAAAAA 


AAAA.fA.fA.rA. 

( r WA. TA. WA. rA^ r^. rA. WA AA AAj 
fA.KAA^ '.rA.rA.rA.rAAAAArAd 
AA.rA.TAArA.rA. e.f.e.K.ir'fy/f 
rAAA.rAKA.f ZZA.AAAAr^-.i^ 
AA. WAd 9Ad 9A. AAd 9A \ .^AA/Aa/X 
A A. A Ad TAd AAd A A AA AA A A fAlTr 


^’ArAAAAdAAAAAAA’AA.AA’AA’AA 
> ■AdAAAAA''A 4 AA. AAAAWAAd’Ad 
Z i t AA.AAA'AAAA.rAAA'Ad'AA’AA 
^l.Kil. rAA.AA^AAA'AA'Ai-. *. 
A AA.AAdrAA AAdAAA ^A-AA'AA’A. • « ' 
* AArAd’AA.AAA. ArAAAAAA.‘d'y 
^^AA*AAAA.AAA^JA.rA-i. fAAAA.AAd 


AAAA.AAdf AAA 
AA AA.AA.fAA-AA 
rAWAdTAd^AA-AA 
A.'.rAd^AAAA 
9A ■'A ^TAa’AA AA 
^ ‘a^AaAAAA. 
^Ad^Ad^A-AAfA. 
Ad^AA'AA'AA.rAd 


ZdJAAAAAAfAAfAdrAl fAAAA.AAdrAd*AA*Ad 
rA AAAA.i TdrAdAd^AA'AA 
V 'AA-AArAA^AdrAd rA AAAA.rA.rAd AdrAA-AA 
4 tAdf VAA'AA'Ad’A.rAdAdrAA'AA 
2»>>>d>iMr-> i AA'AdfAATAdrAd'AA «.'V< 
TlrAd'AArAd 'Ad 'Ad Ad 'Ad 'Ad 'Ad 'AA k.'« .W« 

^'AdrAArAd'AA'AA-. jK^iAdrAi'AA r. 
^AdTAdrAd'Ad'AA AdrAd'd \'A \'d'A 
'^hirAirAI'AAAA Ad'AA'AA'A.i'd-A'V \ni%% 

^B>Aa'AAAAAA. rA'AAAAAAAAd 
yilAiCSdSiAAAA. rAAAAAAAAAd 

»_..I_.'_J_ \ _»_l_l_..l_I_ Wt9A'Ad 


AA AA fAdrAdrAd'AAAA AAAA AAAA AA rA.l '.TA. rA.rAd'Adr^AA rA.rAdT^T-.i.rf^ 
AAAA fAd'Ad'Ad'AAAA AA AAAA eAAAAA.rAAA. TAA 'dTAdWA AA. rA.rA.rAAAA rAd 
i yAA. rAd'Ad'Ad AAAA AAAA AA.rAAA.rAdrAdrA.rA.rAdrA.AAAA. rAdrAd’Ayr>MP 
AJAA.'d fAd'AAAA AAAA AAAA rAAA.rA.rAdTA.rAdrAdrAJ '.rA.'Ad’ATwi-.CAiC' 
rA.9Ad'AA’Ad\ * AAAAAA AA.rA. rAAA.WA.rA.rA. rA.rA.AAAA.rAd 'Ad>A»%iHHy 
rA.rAd 'AAAA'AAAAAAAAAA.rA.rA.AA.rAdrAdrAdrA.rAAA.rAd'Ad \ »^*£2jCdCX 
rAdrAd'AAAAAA AA.t rAAdAAdrAd'A.rAdrAdrAd'AdrjA.AA.rAd'AA'AA fAAAdf. AyVTl 
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r. 

.Vi 
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'AA.AAd^A'. i'AA AA,rAd'Ad'AA’Ad 
rA.rAd'AAAAAAAAdrAd'Ad'AA'Ad. 
^AdrAd'AAAJAAt 'd'Ad'AA'AA'AA. 
'Ad'Ad’AA.fA.AA.rAd'AAA i'AAAA 
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Ad'AAAAAAAAi 
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cral months even in a small plant to complete the various steps in the work, 
to train the workers in the new methods, and to win acceptance of the 
standards set. Then, if the shop is small and the operations of a fixed 
character, outside aid may be utilized from time to time in keeping the 
work up to date. In most plants, however, there is sufficient work to be 
done in making new studies, revising obsolete rates, and effecting im¬ 
provements to warrant the employment of at least one man full time. 


Motion and Time Study 
Division 

(Division Chief) 



Figure 126. Organization of a Motion and Time Study Division 


Best results are obtained by individuals thoroughly conversant w’ith the 
shop and its personnel. 

A larger organization w^ould include a division chief, section cliiefs, 
motion and time study men, and a staff of office workers. WTth the 
exception of the latter group, these men would be classed as industrial 
engineers, and qualified by education, training, and experience for this 
work. The division chief should possess a thorough knowdedge of manu¬ 
facturing and of costs, and be able to coordinate his w^ork wnth that of 
the personnel department. He will need to organize and plan the w^ork 
of the division, appreciate the possibility of developing standards, formu¬ 
las, and charts in order to simplify the work and make the results more 
accurate, and to prepare standard practice manuals for the guidance of 
his staff. All methods and rates should have his approval before lieing 
put into effect. 

The clerical staff will comprise a comptometer operator, stenographers, 
piece rate clerks, and clerks for making charts, keeping records, filing. 
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and miscellaneous work. A section chief can direct the work of from five 
to ten engineers. When making time studies each man will turn in the 
observation sheets to the office section for all purely arithmetical com¬ 
putations. The sheets are then turned back to the observer who deter¬ 
mines base times and allowances and sets the standard times for each 
operation. He will also check the preparation of instruction cards. 
Where training is provided for the workers this may be a part of the 
engineer’s task, or be taken care of by special instructors. The rate 
setters convert time standards into money values as piece rate prices. 



CHAPTER 25 


WAGES—THE PROBLEM OF EQUITABLE 
COMPENSATION 

Payment of Labor Under Different Economic Systems. —Under 
slavery and feudalism little attention was given to individual production, 
and as a consequence labor was poorly paid. Payment for work was 
usually made in kind, and the standard of living was low. A system of 
wages had scarcely developed. It was not until the emergence of capital¬ 
ism and the recognition of the laborer’s right to change his occupation 
that wages became the usual mode of compensation. 

The economic agents of production, land, capital, labor, and manage¬ 
ment, all must receive their remuneration from the value of the products 
produced. In an attempt to have labor, rather than the capitalist, own 
and distribute the final product several experiments in communal living 
have been made. Among many in the United States, and one with the 
most favorable prospects, was that of the Amana Society in low^a, with 
its 26,000 acres of finest farm land, many industries, and seven villages 
housing about 1,800 people.^ Amana was backed by a powerful religious 
force, the Amish faith, with a tradition of communal living. The commu¬ 
nity was almost self-sustaining and could have lived comfortably. Seven 
generations lived in communism at Amana. Traits which weakened the 
solidarity of the group were laziness, acquisitiveness, and desire for 
individuality—common human characteristics. Recently reorganized as 
a corporation, with wage payments for work done, the cost of outside 
farm labor alone decreased $60,000 a season. 

The Russian experiment in communism, with its motto of “Work 
according to one’s ability and receive according to one’s needs” failed for 
the same reasons. In order to secure a high production from the workers 
it soon became necessary to reestablish the individual wage system based 
on productivity. 

So far wages have proved the greatest incentive for productivity that 
has been devised—greater than the whip of the slave overseer and greater 
than the hope of a better group life held out by communism. The 
individual looks to his own immediate advantage and governs his efforts 

' “Prophecy at Amana,” by Arthur H. Carhart, The Rotarian, Vol. 49, No. 5. 
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accordingly. The capitalistic incentives of wages, bonuses and profits 
have been the spur which has brought industry to its present state of high 
efficiency. 

The Reason for Different Wage Plans. —For labor in general 
wages are the prime motive force generating productive activity, and 
without an adequate and satisfactory basic wage other efforts of manage¬ 
ment to increase productive efficiency and promote harmonious relations 
with the workers—usually expressed through personnel department activ¬ 
ities—will prove futile. Of no less importance than the amount of wages 
is the method of payment used. The human equation accounts for the 
numerous wage systems advocated, with their various psychological 
appeals to the intelligence and emotions of the workers. 

With the greater use of capital goods in the form of machinery and 
other equipment as an aid to production, overhead costs have steadily 
mounted. Hence lost time has assumed a much greater importance than 
formerly, and any incentive that will lead to greater output results in 
double savings. Designers of wage plans have exercised considerable 
ingenuity in developing schemes that appeal to different classes of workers 
under various conditions; all with the purpose of increasing production 
and thus reducing unit costs. 

Basic Wage Theory. —Out of a number of theories that have been 
advanced to explain the amount of wages paid to laborers two are now 
held in greatest respect by most economists. These are the marginal 
productivity theory and the bargaining theory. Briefly stated, the mar¬ 
ginal productivity theory contends that the wage level of a certain occu¬ 
pation depends upon the productivity of the marginal laborer when there 
exists a perfect freedom of contract and substitution of workers. On the 
other hand, the bargaining theory holds that wages result from bargain¬ 
ing between employers and employees either individually or collectively. 
If labor is strong in its bargaining power, wages will be at a high level, 
while if labor is relatively weak in this respect, wages will be low. It 
seems that the bargaining theory explains the short range period more 
satisfactorily under modern conditions, while over the longer range the 
marginal productivity tlieory will prevail. 

It is certain that in the ultimate analysis wages must be paid out of 
the goods produced, and payments cannot continue in excess of the value 
added by labor. Anticipating the public’s needs business men utilize 
capital and labor in the most advantageous proportions to satisfy the 
effective demand, seeking to profit by the managerial effort put forth. 
Since wages are advanced to labor before the goods are sold, errors in 
judgment of the worth of labor may occur. On account of this and for 
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other reasons labor may be over or under paid for a short period. Over 
a longer time general wages cannot fall below the amount necessary to 
maintain a minimum standard of living and they cannot rise above the 
amount earned. Within these limits wages will fluctuate depending upon 
the available supply of labor, economic conditions, buying power, individ¬ 
ual skills, and other factors. 

Monetary and Real Wages. —Under normal conditions labor seems 
to be concerned only with the amount of money received as wages, 
usually so much per hour. Actually the monetary wage is not nearly so 
significant as the real wage—the amount of goods and services that can 
be purchased by the monetary wage. When economists speak of wages 
and wage levels they have in mind the real wage. At a particular time 
monetary wages may be high, but if the price of commodities and otlier 
things that the laborers consume has risen to a greater extent, the real 
wages would be low. Labor leaders have come to a greater appreciation 
of the significance of the real wage, but because of the psychological 
effect of monetary wages most wage controversies stress only the amount 
of money received. 

Just Wages. —To a considerable extent we have horizontal strata in 
our social organization, and to the extent that the wages paid enable 
individuals to satisfy the living standards of their group, the majority will 
be content. A wage level which affects home life adversely and hinders 
civic progress and development will not be a satisfactory wage according 
to our standards. Just wages may be termed those which are commen¬ 
surate with the service performed, but these are difficult if not impossible 
to determine. The value of the contribution made by each person involved 
in the making and marketing of a pair of shoes illustrates this. 

Various organizations have defined “minimum standards of living'' 
which have been a guide in setting wage scales. However, living stand¬ 
ards are largely individual and vary with the time and place. An amount 
that would mean comfort for one family would mean want for another; 
so variable are the purchasing skill, desires, intelligence, and judgment of 
the spenders. Furthermore, the size of families is a variable quantity, as 
is the number of wage earners in each. Some have claimed that a “living 
wage" is a misnomer; what the laboring man is entitled to is a “savings 
wage." That is, a wage sufficient to enable him to maintain himself and 
family in a reasonable degree of comfort, providing for his children a 
suitable education, retaining for himself a fair degree of the enjoyments 
of life, and still, through the practice of thrift, saving something of his 
wages for old age and the inevitable “rainy day." 
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Minimum Wages. —The Fair Labor Standards Act of 1938, popu¬ 
larly known as the Wage and Hour Law, has as its principal objective 
tlie elimination of “labor conditions detrimental to the maintenance of 
the minimum standard of living necessary for health, efficiency, and well¬ 
being of workers’* and the elimination of “oppressive” child labor in the 
United States. 

The wage sections of the Act apply particularly to industrial workers 
employed by manufacturers engaged in interstate trade. Agricultural 
laborers and several other classes are exempted. Minimum wages were 
established as follows: from October 24, 1938 to October 24, 1939, 25^ 
an hour; from October 24, 1939 to October 24, 1945, 30^ an hour; after 
October 24, 1945, 40^ an hour. To reach as rapidly as is economically 
feasible the objective of a universal wage of at least 40$f an hour, indus¬ 
trial committees study the conditions in each industry and make recom¬ 
mendations on the minimum to be enforced. Due regard is given to 
economic and competitive situations, so that the committees may lower 
the minimum in certain zones or for industries that cannot afford to pay 
the legal rate. As a consequence it has been the practice in many indus¬ 
tries to establish lower rates in the southern states than in the northern. 
The Administrator may also set wages lower than the statutory minimum 
for learners, apprentices, and handicapped workers. 

Since wages and hours of work are inextricably linked, maximum 
hours of work per week were established at 44 from October 24, 1938 to 
October 24, 1939, and at 42 from October 24, 1939 to October 24, 1940. 
After the last date the standard work week became 40 hours. All persons 
covered by the Act, except those engaged in interstate transportation and 
certain seasonal industries, who are employed a greater number of hours 
per week than the standard must be paid for the excess hours at a rate 
not less than one and one-half times their regular rate of pay. 

Thus the state, in an effort to protect the welfare of society, has pre¬ 
scribed minimum wages for employees. These may tend to restrict some 
employment and to limit some small business enterprises, but the gain to 
labor more than compensates for the possible loss. Minimum wage legis¬ 
lation, however, is not a complete solution to the problem of low pay, for 
it does not guarantee that prices will remain stable. 

Labor’s Share of Income. —^After industry pays for materials, repairs 
to equipment, and other operating costs, it pays about 77% of the balance 
for wages and salaries. What is left goes for dividends and into surplus 
accounts. Ford pays out nearly 94^ of each dollar received for wages, 
materials, taxes, and other manufacturing costs. The remainder is 
largely used in building up and expanding his industry, including 52 
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branches in American cities. In the steel industry a dollar of income is 
distributed as follows: ^ 


Labor payrolls . $0.37 

Interest .01 

Surplus account .02^ 

Taxes .05 

Dividends .05 

Depreciation .05 

Material and all other costs. .44 

Total . $1.00 


In the period since 1900 labor’s share of each dollar received by the steel 
industry has increased 50%, while the share taken by taxes has increased 
8OO70. 

Wages in the United States exceed those of any other country, both 
in amounts paid and in purchasing power. American steel workers can 
buy a market basket full of food for only 1hours’ wages, while foreign 
workers in this industry must work from to 23 hours to buy the same 
amount. 

Executive salaries, including bonuses received, average about 3% of 
the total payroll for several hundred large manufacturing companies. 
This figure provides a measure of the cost of management in providing 
leadership and coordinating the economic factors of land, labor and capital. 

Stabilized Wages,—Seasonal and cyclical fluctuations of business are 
a hindrance to continuous employment and the paying of equal weekly 
wages throughout the year. However, wage earners are dependent in 
the main upon weekly earnings in order to live; hence stabilized earnings 
are an objective of progressive employers. 

The George A. Hormel Company, meat packers of Austin, Minnesota, 
has an annual wage plan. This business is highly seasonal. From sales 
prospects the management estimates the probable production figures for 
the coming year. From motion and time study analyses the company 
knows just how much work this means for each department, and can 
arrive at the total labor costs. This amount the company agrees to pay 
in 52 equal installments. If business is better than estimated and work in 
some departments exceeds that planned, bonuses are paid. If output is 
less than anticipated, workers receive regular checks, but owe the com¬ 
pany a certain amount of work to be performed later. If not made up 
within a given time, work debits are canceled. Bonuses are the usual 
result, however, because production estimates are purposely set low. 

* “Half a Million Mcn,“ a booklet published by the American Iron and Steel Insti¬ 
tute, New York. 
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Absent employees who are not receiving pay while on extended vaca¬ 
tions or sick leave, are replaced by the management with men or money 
at the choice of the group concerned. The choice is usually money, which 
is credited to the group. By improving efficiency the workers also have 
cut labor costs to their own advantage. As a department finishes the day's 
run, employees go home. Conveyor operations formerly complained 
about, now operate too slowly to satisfy the workers. Labor turnover has 
been reduced to one-tenth of what it was, and wage earnings are the 
highest in the industry. 

The Nunn-Bush Shoe Company, Milwaukee, Wisconsin, provides for 
52 pay checks a year. The annual wage is not a definite amount, but an 
agreed per cent of the gross sales income, which is the labor cost. Wages 
thus rise and fall with prices. As costs are lowered by improvements in 
equipment or better methods the gains accrue to the workers. If com¬ 
petitors cut production costs and sell more cheaply, a share of these 
benefits may need to be diverted to management. The workers agree to 
action of this kind through their elected officials. Only 10 employees have 
been discharged in 23 years, and the workers upheld the action of the 
management in these cases. Wages paid are the highest in the industry, 
and labor turnover is very low. 

The General Motors Corporation adopted a plan for its hourly paid 
workers which assured continuity of income. Workers with five years 
or more of service were guaranteed at least 60% of standard weekly 
earnings every week in the year. Workers with two to five years of 
service were guaranteed a minimum of 40% for a limited period—up to 
a credit of 72 hours of work at any one time. Pay for work performed 
elsewhere, or unemployment pay, was considered as a part of minimum 
earnings. When work was available later the employee repaid the com¬ 
pany with his labor. One-half of his labor over the minimum amounts 
per week went for this purpose. If the employee failed to return to work 
after a layoff, the obligation was canceled. This plan operated well for 
several years, but was canceled when the company’s regular activity was 
disrupted by the necessities of war. 

Sears, Roebuck & Company has a standard income plan in its mail 
order plants. Workers receive 52 pay checks a year, and work the num¬ 
ber of hours per week within reasonable limits as required by fluctuations 
in the volume of business. If the hours worked during the year exceed 
the standard set, after allowing for vacations and holidays, he receives a 
bonus; if less than standard, the shortage is written off by the company. 
Job tenure is not guaranteed. In case an employee is dropped he would 
receive a bonus for any excess hours worked, and any deficit would be 
written off. 
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Many other companies are operating or experimenting with similar 
plans. 

The Sliding Scale.—During periods of rising commodity prices labor 
has found it difficult to maintain a uniform standard of living. This situa¬ 
tion has often led to unrest and strife. Another cause for controversy 
occurs when the selling price of the company’s product, and consequently 
the profit, increases or decreases because of favorable or unfavoral)le mar¬ 
ket conditions. Labor believes it should share in the company’s pros¬ 
perity, while management feels that under adverse conditions out of its 
control labor should be willing to take a cut in wages. An attempt to 
solve these controversies amicably, automatically, and equitably has been 
made by varying wage rates on some predetermined sliding scale based 
on either a cost of living index or the selling price of the industry’s basic 
product. 

The details of the plan and the method of determining the base upon 
which variations in the scale are to be made are set forth in a contract 
drawn up between the company and the employees’ bargaining represen¬ 
tative. When a cost of living or “market basket” index is used the statis¬ 
tics on prices may be derived either from local or national figures. When 
wages are based upon the selling price of the industry’s finished product 
or basic raw material other considerations enter. The product selected 
should be one that has an established open market price, that is not 
monopolistically controlled, that moves in conformity with prices in gen¬ 
eral, and that is the controlling factor in the company’s ])rosperity. 
Products that meet tliese requirements are coal, cement, pig iron, elec 
trolytic copper, steel billets, and others of the same type. 

The sliding scale is set beforehand and moves in conformity with 
changes in the index at stated intervals. Usually a minimum is set below 
which wages do not fall. The plan has not been adopted widely in the 
United States, but has many advocates abroad where monetary condi¬ 
tions have been unstable. It is an eflPort at paying stabilized real wages 
rather than mere monetary wages, and as such it deserves consideration 
when prices are moving rapidly. 

Profit Sharing Plans for Employees.—Since 1794 emj^loyers in the 
United States have utilized profit sharing plans as a means of benefiting 
employees, and of enlisting loyalty and cooperation. They have not been 
uniformly successful; in fact many have failed. About all that can be said 
is that, for a particular company, profit sharing is a good thing if it 
works. Reasons for the failure of plans, include (1) opposition of 
organized labor, (2) employee dissati.sfaction or indifference, (3) no 
profits, and (4) company dissatisfaction with results. When successful 
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they are “but one phase of a well integrated personnel program, and to 
secure the best results they must be adapted to the other industrial rela¬ 
tions activities, including the wage payment system.” ^ 

Profit sharing plans provide for distribution of a share (1) of net 
profits, (2) of profits after payment of regular stock dividends, or (3) in 
some proportion to stock dividends. Most plans distribute profits on the 
basis of the employee’s earnings. Other factors sometimes considered 
include rank and length of service. In the majority of cases managerial 
and wage earning employees share alike. Some companies grant the 
former group a higher percentage than the rank and file, while others 
may exclude the management group, or provide separately for each. 
Examples of successful plans are as follows: 

The Eastman Kodak Company adopted a wage-dividend plan in 1912. 
It is apportioned according to each employee’s earnings during the pre¬ 
ceding five years, and amounts to J /2 of 1% for each dollar of dividend 
declared over $3.50. 

Procter & Gamble, of Cincinnati, started its plan in 1886. Employees 
earning less than $3,000 a year are eligible after 12 months’ service. 
Earnings and length of participation in tlie plan determine shares as 
follows: 1 to 2 years, 5% of earnings; 3 to 4 years, 6% ; 5 to 6 years, 
7% ; 7 to 9 years, 8% ; 10 to 12 years, 10% ; 13 to 14 years, 12% ; after 
IS years, 15%. For the first six years the employee devotes his share 
and dividends he receives to the purchase of stock. After that he collects 
cash dividends as indicated, but may continue to purchase stock if he 
desires. With this plan labor turnover has been reduced to less than 
y 2 of 1%), and costs have been kept low. Employment has averaged 50 
weeks a year. 

Keystone Steel & Wire Company, Peoria, Illinois, distributes a share 
of net profits, as follows : 4% up to $1,000,000; 8%; on the next $100,000; 
12 %' on the next $100,000; 16% on the next $100,000; and 20% on all 
net profits over $1,300,000. W'ith profits of $1,500,000, the profit sharers 
would get a dividend of 5.8%^. For an employee earning $1,800 a year 
this would be $104.40 on total wages amounting to $2,000,000. 

The Package Machinery Company, Springfield, Mass., issues a com¬ 
pensation warrant for each year of service. This includes paid-up life 
insurance of $100 and the earning power of two shares of common stock. 
The latter are nontransferable, and in event the employee leaves the 
company they are canceled. With this arrangement the employee benefits 
the same as from stock ownership, and the company’s liability for capital 
stock is not increased. 

® “Profit-Sharing and Other Supplementary Compensation Plans Covering Wage 
Earners," National Industrial Conference Board, Inc., New York. 
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The Idaho Maryland Mines Corporation shares profits so that em¬ 
ployees benefit in proportion to the dividend rate on stock. The extent 
of individual participation increases with service up to two years, starting 
at six months. The plan as it works out pays qualified employees more 
than most stockholders receive. 

Sears, Roebuck & Company has had a plan in effect for 22 years which 
calls for the employees to contribute 5% of their salaries up to $5,000. 
The company contributes 5% to 7^2% of its profits per year. This fund 
is invested in Sears stock. After ten years the employees may withdraw 
their savings, plus interest, in cash or Sears stock. The returns to 
employees have been about $4 for every $1 contributed. 

In sharing profits employees must be educated to the fact that profits 
are not a part of regular wages. 

In the Ilg Electric Ventilating Company, of Chicago, the yearly salary 
of each employee is considered as his investment. The per cent paid on 
these “investments” is determined at the end of the company’s fiscal 
year by the directors, and ranges from 2^c to 30%. To this is added a 
length of service bonus, starting with 5^/c of the above bonus for two 
years, and reaching a maximum of 50% for eleven years. The total has 
averaged about 4% of wages over a long period. For example, an 
employee whose yearly salary was $1,600 would receive a profit sharing 
bonus of $320 in a year when 20% was declared. If he had served for 
six years his extra bonus would be 25% additional, or $80, making a 
total of $400 for his share of the profits. 

Bonus Awards to Supplement Wage Payments.—Bonus systems 
are designed to share the benefits which accrue from superior effort on 
the part of employees. In some forms they are similar to premium plans 
and in others approximate profit sharing. Bonus awards may be for 
attainment in any one of many directions, such as quantity of output, 
quality, length of service, decreased costs, saving of materials, reduced 
labor turnover, or for teaching new workers. 

Bonus plans can be extended to managerial effort, clerical and 
accounting work, and day work; that is to say, to forms of effort not 
readily measurable by time study and to which individual wage incentive 
plans are not readily applicable. Examples of industries where these may 
comprise the major portion of wages are public utilities, transportation, 
and jobbing and repair shops. 

The payment of the bonus is generally made in a lump sum either 
every six months or once a year. More frequent payments may be made, 
but it is common to wait until the end of the year, around Christmas time, 
when results of operations can be determined accurately. Fairly large 
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payments, given as an arbitrary amount or as a percentage based on 
individual earnings, have been made by some companies. Indifferent 
workers and slackers find an uncongenial environment and are weeded 
out, for if the plan is a success employee cooperation is secured, labor 
unrest minimized and individual initiative encouraged. Success or failure 
is dependent upon winning the workers to the plan. 

Labor leaders are usually opposed to bonus award plans, on the 
ground that the daily wage is lower because of them, and that they subject 
employees to uncertainties beyond their control. With unintelligent 
workers difficulty is experienced in getting them to understand the idea 
and interest is usually lacking. Semi-annual or annual awards of uncer¬ 
tain amounts may prove too vague and remote to stimulate initiative in 
overcoming obstacles day by day. When received, such awards have 
little connection with individual merit. As in profit sharing, the workers 
are dependent upon management for the correctness of calculations, and 
for decisions as to amount awarded; and likewise, the efficiency of man¬ 
agement influences greatly the accumulated earnings. 

Rating the Job.—The task of classifying jobs and determining equi¬ 
table base rates for them in harmony with the ideas of workers and 
management as to their relative importance is fundamental to all wage 
plans.** Job rating plans have been developed for industries, but individ¬ 
ual applications usually vary somewhat. The needs of a particular plant 
should be reflected in the plan used. Factors which may be taken into 
consideration in arriving at the worth of a job are indicated by the fol¬ 
lowing examples from practice. 

The United States Gypsum Company uses the job rating sheet shown 
in Figure 127. Twenty-four factors are used, and each is rated on a scale 
from 0 to 5. 

The Goodrich Rubber Company plan includes ten factors, of varying 
importance, as follows: 

Maximum 


Factors Considered Points 

1. Supervision exercised by operator. S 

2. Judgment required by operator as to quality of product. 10 

3. Responsibility for material and quality. 20 

4. Responsibility for equipment. 5 

5. Manual dexterity . 15 

6. Working conditions (dust, heat, etc.). 10 

7. Hazards . 5 

8. Physical requirements . 5 

9. Educational requirements . 5 

10. Learning period . 20 


One large middle-western company found that it had 400 day-work jobs and 600 
piece-work jobs in its shops, the former of which were divided into 18 groups. Rates 
were set by combined committees of men and management. 
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NAME OF JOB . 
DESCRIPTION . 
DATE. 


JOB RATING 

. DEPARTMENT 


FACTORS 

1 ^ 1 

1 

2 

3 

4 

S 

SCORE 


1. Complrxiiy of Work 
(Manual) 

J\'one 

Sim/tle 

Com/Jet 

Complex 

I'ery 

Complex 

Lxtremely 

Complex 


2. Complrxiiy of Work 
(M«nul) 


« 

« 


.. 

.. 


3. Volume of Work 

“ 

Hittvmely 

Smalt 

\olitenhly 

Smalt 

Moderate 

Large 

I'.Utemely 

large 


4. Care & Exartncs.s 


Vnimpoilaiil 

Srmi- 

Important 

Important 

\oliiealily 

Impotiunt 

I'xtremrly 

Important 


5. Coiifidi-niial Work 

•* 

•• 

« 

“ 

•• 

- 


6. Hazar(]ou» Work 

•• 

- 

•• 

•• 

•• 

- 


7. Planning of Work 





•• 

- 


8. Supervision ExercihrU 
(Quaiilil) 1 


3 

410 

11:0 

2ir,o 

5f f'p 


9. Supervi»ion EKcrcist-d 
(Qualily.) 


Simple 

Semi- 

Comfilvt 

Complex 

1 ery 
Complex 

Hxtremely 

Complex 


10, Puldic Conlact 

“ 

Vnimiioriant 

Srmi- 

Important 

linportiint 

i\ olireahly 
liuporianl 

F.xiremely 

Important 



B.WHAT THE JOB REOLIHKh. 
THE WORKER TO RE 


I.Age 

“ 

1? or Delou 

/»:•/ 

2226 

27-32 

I p 


2. Phyiiqiie 

•• 

L’nimportunt 

Semi- 

Important 

Imfiortant 

\otireahly 

Important 

Fxtremriy 

Important 


3. Dresi 

- 

•• 

m 



“ 


4 . Menial Skill 



•• 

“ 




Chararirr 

- 


•• 

•• 


- 


6. Loyalty 

- 

•• 

« 

“ 




7. AuRrc^sivenexa 

Iniiialive 

•• 


" 

" 

•• 

•• 


8. Crralivenrth 
lnia|;iiialion 

•* 


" 



•• 


9. Analyliral Aiiilily 

•• 

“ 

•• 

•• 

•• 

- 


10. Enlliuhiasm 








ll.PiTMtnaliiy 

“ 

“ 


•• 





C. WHAT MI ST BE KNOWN 


1. Eduralion 


8 Yr. 

in Yr. 

12 Yr. 

^lYr. 

CrofexMon 
l erhnii nl 


2. Knowledge of Job 

•• 

L'nimporlanI 

Semi- 

Important 

Important 

\iilirrnhly 

Important 

I'.xiremely 

Important 


3. General Experienre 


“ 

•• 

•• 

•• 

« 



Total — 


Figure 127. Job Evaluation Form Used by United States Gypsum Company 
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A motion and time study engineer analyzes each operation and reports 
as follows: < 

1. Job Description, Write a brief but accurate general description of 
the kind of work embraced in this position. 

2. Supennsion Received, State name of position to which this one 
directly reports. Describe nature of supervision received, as immediate, 
general, continually checked, follows detailed directions, follows general 
instructions but executes them upon own responsibility. 

3. Supervision Exercised. State briefly what occupations and how many 
are in any way directed or supervised by this one, and describe nature of 
supervision exercised. State what initiative and judgment are required. 

4. Responsibility for Materials and Equipment. State briefly the respon¬ 
sibility of this position in regard to the value of the materials and equip¬ 
ment handled or used. 

5. Manual Dexterity Required. Give a description of any skill above 
ordinary required in this position. 

6 . Physical Requirements. State briefly what physical requirements are 
necessary for an operator in this position. 

7. Ha::ards or Unpleasant Working Conditions. Explain briefly the 
hazards and unpleasant conditions encountered on this operation. 

8 . Educational Requirements. State briefly the necessary educational 
requirements. 

9. Experience and Previous Training Required. Explain briefly what 
experience and previous training are essential, also approximate length of 
learning period. 

All data are discussed by a committee. The individual members of 
the committee then rate the importance of each factor independently, 
being guided by standards of value previously established for each factor, 
by experience in rating other jobs, and by judgment. An average of 
final conclusions is then made, and expressed as a numerical figure. The 
maximum points for any job would be 100. The jobs are then classified 
as being in zone A, B, C, etc., according to the points allowed. A base 
wage rate applies to each zone. 

Rating the Employee.— Employee rating plans are used to deter¬ 
mine distinctions between individuals just as job rating plans are used 
to evaluate different classes of w^ork. In this manner more equitable 
wage payments can be established. The following plan is in operation 
in a large manufacturing company in Chicago. The proper classification 
of the individual is arrived at by evaluating him in three respects: 

1. Personal assets of workman —such as experience, knowledge of work, 
dependability, loyalty and shop attitude, judgment, initiative, ability, and all 
other such qualities which go toward making up the most desirable type 
of workman. 
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2. Production —performance or the accomplishment of the workman. 

3. Quality of production —quality of work performed, taking into con¬ 
sideration scrap and spoiled work. 

It is quite obvious that a workman with the very best personal assets 
capable of maximum production of best quality is the ideal or 100 % work¬ 
man. If these three factors are of equal value then 33j4% would represent 
the value of each, but it is thought that “Production” and “Quality” should 
be considered the more important features and the following score has been 
decided upon. 


Personal Assets . 30% 

Productivity . 35% 

Quality . 35% 


The score then of 100% represents the ideal workman and the question 
is how to measure the individual worth of various employees. In classify¬ 
ing a group of workmen it will develop that owing to the different indi¬ 
vidual characteristics of men that some may score excellent, good, fair or 
poor under each of the three factors outlined. Using the four foregoing 
qualifications and applying the letters A, B, C and D for designation pur¬ 
poses the following formula develops: 



Personal 

Assets 

Productivity 

Quality 

Excellent . 

. A 

A 

A 

Good . 

. B 

B 

B 

Fair. 

. C 

C 

C 

Poor . 

. D 

D 

D 

An example 

of rating men in the Tool Maker group is as 

follows: 


Personal 

Assets 

Productivity 

Quality 

John Harris ... 

. A 

B 

A 

Paul Smith .... 

. B 

C 

B 

W. Morrison .. 

. B 

C 

C 

Sam Gray . 

. C 

C 

D 

The next step is to determine the score for 

each worker. 

The ideal or 

100% worker’s 

score as illustrated in Personal 

Assets, 30%; 

Productivity, 


35%; Quality, 35%. 

Let a score of A, 90 to 100%, represent excellent. 

B, 80 to 90%, represent good. 

C, 70 to 80%, represent fair. 

D, 60 to 70%, represent poor. 


We then have 


Personal 

Assets Productivity Quality 

Excellent . A - 30% A - 35% A - 35% 

Good . B - 25% B - 30% B - 30% 

Fair . C - 20% C - 25% C - 25% 

Poor . D - 15% D - 20% D - 20% 
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Personal 

Assets Productivity Quality Total 


John Harris . 30% 30% 35% 95% 

Paul Smith . 25% 25% 30% 80% 

W. Morrison . 25% 25% 25% 75% 

Sam Gray . 20% 25% 20% 65% 


The Occupational Rating plan suggests a spread of $1.00 to $1.25 per 
hour for the Tool Maker occupation. This spread is split as follows: 

6 ^ for a C grade workman, or $1.00 to $1.06 per hour. 

8 ^ for a B grade workman, or $1.07 to $1.14 per hour. 

11^ for an A grade workman, or $1.15 to $1.25 per hour. 

Applying these values to the above scores we have: 

John Harris, score 95%—an A grade workman—$1.15 to $1.25 per 
hour. 

Paul Smith, score 80%—a B grade workman—$1.07 to $1.14 per hour. 

W. Morrison, score 75%—a C grade workman—$1.00 to $1.06 per 
hour. 

Sam Gray,® score 65%—a D grade workman—poor. 

It will be noticed that the greatest spread of money falls within the A 
classification and it is felt that this amount will be large enough to take 
care of the highest grade workman on the job. The administration of the 
spread in rates is subject to the recommendation of the foremen to the 
superintendent or some other party designated by him. The local plant 
Occupational Rating Committee through its chairman or secretary will 
function as a means of checking and investigating all day work rate 
changes, passing its recommendations along to the superintendent. The 
committee as a whole will meet only when occasion arises subject to the 
call of the chairman or secretary. In some cases the occupation at one 
plant may not necessitate the highest grade workman, and consequently the 
larger spread in rates would not be warranted. The plant committee will 
meet periodically to check all rates, paying particular attention to the 
administration of the A, B, and C rates. 

Wage Plans for Beginners. —Whatever plan of wage payment is 
adopted for general use some special arrangement will need to be made 
for beginners. The policy will necessarily vary somewhat depending 
upon the wage plan in effect, the length of the training period, the char¬ 
acter of the work, the type of employee, and his probable future in the 
plant. 

•'* In the case of Sam Gray it is hardly possible that he would be retained and recog¬ 
nized as a Tool Maker. 
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A flat day rate increased at intervals is not unusual. A better plan 
may be a combination of day wages with piece rates, the former decreas¬ 
ing as the training period nears its close until the worker is dependent 
on piece rates entirely. However, proficiency at a new task is not gained 
at a uniform rate, as might be supposed. Figure 128 shows a typical 
curve of progress for new workers. It will be seen that there is an 
intermediate period when little advancement is made, preceded and fol¬ 
lowed by periods of comparatively rapid progress. 



Figure 128. Typical Progress Curve for New Workers 

Figure 129 is a graphical record of progress made by a young woman 
learning a sewing operation. Workers, particularly women, unaware of 
this unevenness in the rate of progress, are apt to become discouraged at 
their inability to earn wages based on expected uniform production 
increases. To avoid the unnecessary and costly labor turnover which 
may ensue, wage plans should fit the conditions prevailing and assure the 
beginner of a fairly uniform and constant wage increase during training. 

Workers are especially sensitive to impressions during their training 
period, forming lasting judg^nents of management, and every care should 
be exercised to make their remuneration fair and just. Those exceeding 
expected production rates should be rewarded according to output in 
order that they will have every incentive for aggressive mental and 
physical effort. 

Supervisor Bonuses. —Foremen are frequently paid bonuses in pro¬ 
portion to the incentive earnings of those they supervise. This practice 
measures the results attained. As a means of improving basic conditions 
which will permit savings to be made, output increased, and costs con¬ 
trolled, a more comprehensive plan may be justified. The factors to be 
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Figure 129. Chart Showing Rate of Progress, Pay and Actual Earnings of New 
Worker Learning a Task 


included will be those over which the foreman has control. The following 
is an example of a supervisor’s bonus plan in a company making house¬ 
hold electrical equipment.® 

Factors considered and their relative importance are: 

1. Departmental Efficiency—Critical evaluation of departmental effi¬ 

ciency as reflected in costs, workers’ earnings, etc.—50%. 

2. Budgetary Control—Based on condition of departmental operat¬ 

ing expense budgets—15%. 

3. Quality Control—Based on condition of scrap and rejected mate¬ 

rials as compared to the amount of good materials produced— 
15%. 

4. Control of Excesses : 

(a) Excess Daywork—Control of excess daywork allowances 
made to incentive plan groups over and above regular 
allowances— 5 % . 

* ® “John Q. Supervisor Can Savvy This Bonus Plan,” by J. E. Ostcrman, Factory 
Management and Maintenance^ Vol. 96, No. 6, p. 52. 



440 


INDUSTRIAL MANAGEMENT 


i'Ch. 25 

(b) Excess Overtime—Control of excess overtime due to poor 

planning and mismanagement on the part of the super¬ 
visor—5%. 

(c) Excess Materials—Control of productive material require¬ 

ments in excess of specified quantities—5%. 

5. Base Rate Control—Control of base rates, operating within or 
under standard base rates established for the various tasks of 
the department—5%. 


SUPERVISORY BONUS ANALYSIS 

DEPARTMENT JOHN DOE, SUPERVISOR APRIL 


Penal- 


ElementM 

Grade 

Extension 

ties 

Bonus 

a. Department Efficiency 

.50 




b. Budgetary Control 

.15 




G. Quality Control 

.15 




d. Excess Daywork 

.05 




e. Excess Overtime 

.05 




f. Excess Materials 

.05 




g. Base Rate Control 

.05 




b. Supervisor’s Salary 


$200.00 



i. Department Efficiency 


125.00% 



Bonus Z= (i — 100% )ha = O^S X $200 X 0.50 



$25.00 

j. Budget Allowance 


$600.00 



k. Budget Expended 


$500.00 



Bonus= (j—k)b = $100x0.15 




$15.00 

1. Scrap Allowance 


$500.00 



m. Actual Scrap 


$550.00 



Bonus = (1 — m)c = —$50 x 0.15 



$7.50 


n. Allowed Daywork 


$50.00 



o. Actual Daywork 


$25.00 



Bonus = (n — o)d = $25 x 0.05 




$1.25 

p. Allowed Overtime 


$50.00 



q. Actual Overtime 


$75.00 



Bonus = (p — q)c = — $25 x 0.05 



$1.25 


r. Excess Materials Allowed 


none 



s. Actual Excess Materials 


$10.00 



Bonus = (r — 8)f = — $10 x 0.05 



.50 


t. Labor at Standard Base Rates 


$2,500.00 



u. Actual Labor 


$2,450.00 



Bonus = (t — u)g = $50 x 0.05 




$2.50 

Total 



$9.25 

$43.75 

Net Bonus Paid 




$34.50 

Note: All negative results become penalties 





Figure 130. Example of Computation of Supervisor Bonus 


Other elements of supervision, such as deliveries, consistency, good 
housekeeping, should be considered in the bonus plan if deemed of suffi¬ 
cient importance. The way in which the bonus earned by a supervisor is 
computed is illustrated in Figure 130. 
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Incentives for Inspection.—The work of inspectors is frequently 
upon a time basis, but many inspection tasks are of a nature which 
permits the application of incentives. Inspection tasks which are repeti¬ 
tive and consequently similar to operation jobs may be handled in the 
same way. Quality standards are set. Then the best way of doing the 
job is determined, and inspectors are trained. Arrangements should also 
provide for a routine check or reinspection on an interval or percentage 
basis. Any good incentive wage plan will apply. 

A rating plan for inspectors used by one large company making many 
small piece parts is as follows: 

D--K 

-X 100 = Rating 

D-K + B 

Where D = Number of defects reported by inspector. 

K = Number of good parts rejected by inspector. 

B = Number of defects missed by inspector. 

A check of each individual's work at intervals provides a basis for 
judging the effectiveness of inspection. 

Another plan for women inspectors used in a job shop divides work 
into classes, ranging from that done by beginners to extreme precision 
work trusted only to the most experienced."^ Points are assigned to each 
class in accordance with the relative judgment required. See Table 12. 
The type of worker is also important. Factors influencing the worker 
situation are indicated and graded in Table 13. Production standards are 
expressed in units (man-minutes of work). The number of units per 
100 minutes is used for comparative ratings, and as a basis for bonus 
earnings. 

Table 12. Class of Work Table 13. The Worker 


Class of Work Points Points 

1 5 Poor Fair Good Perfect 

2 10 Attitude . 1 2 3 4 

^ 15 Supervision ...... 1 2 3 4 

4 20 Experience . 1 3 5 7 

5 25 Versatility . 1 2 3 4 


6 30 Quality of work... 2 5 8 11 

To obtain the rating for individuals which is done every three months, 
each inspector’s job is analyzed, and her points in Tables 12 and 13 are 
totaled. This will place her in one of the groups from A to F as shown 

“Job Shop Inspection on Bonus/* by William R. Mullee, Factory Management and 
Maintenance, Vol. 95, No. 5, p. 58. 
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in Table 14. Knowing her production average her premium earnings 
are indicated in the table. No extra premium is paid for production in 
excess of 120 units in 100 minutes, because of possible adverse effect of 
speed on the work. 


Table 14. Premium Rates per 100 Minutes 


Inspection Class 


Production F E D C B A 

Rate To 23 24-31 32-39 40-47 48-55 56 Up 


To 95 . $ .00 $ .02 $ .04 $ .06 $ .08 ^ .10 

96-101 .02 .04 .06 .08 .10 .12 

102-107 .04 .06 .08 .10 .12 .14 

108-113 .06 .08 .10 .12 .14 .16 

114-119 .08 .10 .12 .14 .16 .18 

120 Up.10 .12 .14 .16 .18 .20 


As a basis for the plan job standardization and motion study are 
completed, and instruction cards provided which define each task and tell 
the inspector what to do. 

Incentives for Maintenance. —Larger companies need to establish 
incentives for maintenance work in order to control costs. Smaller com¬ 
panies may disagree as to the effectiveness and value of such plans. The 
nature and diversity of the work and the varying location of many similar 
jobs makes the work complex. 

Some large companies have kept track of maintenance work of each 
kind until sufficient data were obtained to permit task times to be set at 
least approximately on a basis of experience and judgment. The use of 
some form of premium or bonus plan then provides an incentive to 
workers. Large sums have been saved in this way. 

Motion and time study provides an effective approach to maintenance 
incentives. Each kind of work studied separately may be analyzed for 
standard elements and time standards prepared. Incentive pay may then 
be earned in the same way as for shop jobs. Care must be exercised that 
the plan in operation does not foster a lack of thoroughness, or inattention 
to possible causes of future interruptions to production. 












CHAPTER 26 


WAGES-COMPARISON OF WAGE PLANS 

Selection of a Wage Plan. —The objectives of any wage plan should 
])e low unit costs, high wages and increased production. To be most 
effective with workers a plan must combine ease of understanding, fair¬ 
ness, increased earnings as a reward for individual efforts, and must give 
protection from the practice of rate cutting. Labor has undoubtedly been 
correct in its criticism that wage plans may be made to reflect the ideas 
and ideals of management and are not infallible on their own account. 
In regard to wages the worker is not ignorant, and any belief that he 
can he fooled is a fallacy. Management requires that a wage plan be 
simple and economical to administer, provide a real incentive, laciTitate 
accounting and cost control, decrease costs, and promote harmony and 
good will. 

Of primary importance with any system are: (1) the base rate per 
liour, (2) time allowance for the job, and (3) the amount of incentive 
offered. 

With .standardized conditions and properly set rates individual earn¬ 
ings will not vary greatly. The success or failure of any system of w^age 
payment is largely dependent upon its proper introduction and adminis¬ 
tration. For this reason and because standard times used may vary with 
different plans and in different plants, the various plans are not strictly 
comparable. 1 Production data are given with each plan, however, in order 
that the general effects may be noted and comparisons made where 
warranted. 

Types of Wage Payments. —Plans for the payment of individual 
workmen fall into three general classes: (1) those based upon the time 
worked—time wages; (2) those based directly upon production—apiece 
rates; and (3) those which are a combination of time and production, 
generally based upon the amount of time saved from a set standard— 
premium or bonus plans. Many systems have been developed under each 
class, but the greatest attention has been given to the so-called premium 
plans, for they are considered the most scientific. They offer an incentive 
to the worker not only to increase his production but to improve his 
worth to the company in other respects. By doing this he will raise his 
hourly pay, which is the base upon which the premium is figured. 

443 
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Besides wages based upon individual performance, premiums also may 
be determined by the production of a group. These group plans aid in 
developing a spirit of cooperation while at the same time they pay an 
individual wage. A few of the many wage plans that have been developed 
will be presented in the following pages and a comparison made between 
them. Each offers some particular feature which has been thought desir¬ 
able to meet certain working conditions or call forth greater effort on the 
part of the workers. 

Trends in Wage Payment Plans. —The use of incentive wage plans 
increased steadily during several decades. After 1933, however, there 
was a noticeable trend toward the payment of wages on a time basis. 
This was due to two principal causes. First, the increased strength of 
labor unions and collective bargaining has resulted in several contracts 
that specify rates at so much per hour. Most labor unions prefer time 
wages even when they are not openly antagonistic to incentive plans. 
Such a system promotes collective bargaining by union representatives, 
and places the responsibility for increased pay upon joint action rather 
than the effort of individual workers. Hence the incentive to unionization 
is strengthened. Labor organizers have also convinced many workers 
that incentive plans, particularly piece rates, were connected with the 
“speed up” system and injurious to the workers. It is true tliat workers 
generally work harder when they are paid to do so, but there is little 
indication that this results in speeding up to a point where harm results. 

The second reason for the change to time wages has come from the 
increasing mechanization of industry, especially in mass production or 
assembly line operations. In mass production the output of an individual 
is governed by the speed with which materials are brought to him. He 
cannot work faster than the group, and if he is not able to maintain this 
speed he is removed to another job. Ford, of course, always preferred 
time wages, and most of the other automobile plants had already changed 
many of their workers to this method of payment before the union 
demanded its universal application. High time wages and guaranteed 
emplo 3 aiient reduce labor turnover and thereby greatly increase group 
efficiency. Inexperienced or indifferent workers slow up the entire group. 

Union demands often control the type of wage plan used and the 
rate paid. When management is free to make an open choice the effect 
upon production is considered. Observation and study of various types 
of payment disclose that when wage incentives are lacking production 
usually decreases. 

Payment of Time Wages. —The payment of time wages where all 
workers in the same clasfe receive the same wages, and individual produc- 
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tion records are not kept is considered unsatisfactory. When carefully 
thought out production methods are in efifect, and task times are accu¬ 
rately set, time wages may prove successful. 

In the smaller shops the personality of the owner makes itself felt in 
a more effective supervision, better discipline, and higher standards of 
production. Each worker is under the appraising eye of a competent 
judge, and is more likely to receive the consideration he merits. 

In large factories, particularly in ^ the situation has been quite 

different. Foremen are often not craftsmen, and administration is neces¬ 
sarily more impersonal and dependent upon system. The trend, too, 
has been toward the perfection of machinery and equipment, while the 
human element until very recently has been neglected. For a consider¬ 
able period, workers were seemingly regarded as merely adjuncts to 
machines, and individual identities were overlooked. Lacking individual 
production records and proof of superior merit, employers were reluctant 
to discriminate by wage differences between individuals doing the same 
kind of work. To do so meant trouble with the group. 

This method of buying labor is similar to buying materials sold under 
the same name at the same price, without regard to quality; but it is much 
more wasteful, as the difference in the quality of materials is seldom as 
great as the range of efficiency in workmen.^ 

With working conditions standardized, maintenance provided for, a 
plan of production control inaugurated, the best method and standard 
time of doing each task a matter of record, and the workers trained in 
these procedures, the time method of payment takes on a new aspect. 
Guesswork is eliminated. Each workman knows exactly what is expected 
of him in return for a day’s pay, and records are kept of individual out¬ 
puts. Thus each workman may at any time ascertain his standing, and 
the management in turn has a definite basis for individual wage increases 
and promotions. The individuality of the worker is restored. Frederick 
W. Taylor discovered that output could be increased two or three times 
under these conditions, when the worker was offered a proper wage 
incentive for extra effort. 

Examples of Successful Use of Time Wage Plan. —The Cater¬ 
pillar Tractor Co. uses the time wage plan with success. Individual rec¬ 
ords are kept of each man’s daily output, and with improved performance 
consideration is given to wage increases. In general three wage levels 
for each job are in effect. Promotions and wage increases following meri¬ 
torious work stimulate other workmen and raise shop morale. 

* Work, Wages and Profits, by H. L. Gantt, p. 65. 
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A large machine manufacturing company utilizes both the time wage 
and piece-rate plans in effecting payment of wages to over 40,000 men in 
a score of different plants. By the use of job rating the worth of individ¬ 
ual jobs is determined and wages are based accordingly. The workers are 
also evaluated according to their merits as was suggested in Chapter 25. 

The use of such a classification will lessen the danger of an employee 
of the more aggressive type who is continually after more money faring 
better than his bench or machine mate who is less aggressive and diffi¬ 
dent in “tackling” the boss for increased remuneration. At the same time, 
the latter employee may easily be worth much more to the company than 
his fellow employee who has his pay envelope continually on his mind. 

One will readily see that the foregoing classification and rating scheme 
is nothing more than something which the foreman already has or should 
have in use, except that certain basic principles are established by which 
the work may be more impartially administered. 

Foremen or other parties using a basic set of principles involving 
educational features for the scientific administration of day work rates, 
will be instrumental in helping to bring about a more equitable remunera¬ 
tion for services rendered, reduce the number of requests for wage 
increases and be the means of creating an incentive for the lower classified 
workmen. 

The Standard Day Wage Plan. —This plan is simply a modification 
of the piece-work plan. Standards of performance are agreed upon and 
employees accept the responsibility for producing these amounts each 
day in return for a given wage. The management undertakes to provide 
continuous work. Given the opportunity and failing to attain the stand¬ 
ard, the worker is virtually upon a piece-rate basis, being paid for the 
amount which he has completed. Should the management fail to supply 
materials upon which to work it is penalized by payment of wages on a 
time basis for the inactive time of the worker. This system has been 
successfully used in the clothing trades. With an agreement of a mini¬ 
mum number of hours of employment per week, it puts squarely up to the 
management the responsibility for efficient administration, but does 
insure a fixed cost of production if this is provided, as in piece work. To 
the employees, continuity of work, which is of even more importance 
than the wage scale, is guaranteed in return for performing a day*s 
work the quantity of which has been determined jointly. Both parties are 
stimulated to put forth their best efforts, resulting in increased produc¬ 
tion, which lowers the total unit cost by decreasing overhead. 

The Payment of Piece-Rate Wages. —The introduction of piece 
rates marked the beginning of payment for accomplishment rather than 
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for time. It was an attempt to individualize workmen, foster initiative, 
and substitute the appeal of self-interest for the fear and “drive” of the 
foreman. To divide the daily wage by the average daily production to 
ascertain the cost per unit was a simple matter. Recognizing that the 
best workers could earn considerably more than day wages under this 
arrangement, the piece price was sometimes set slightly lower than this 
average cost in order to divide the increased earnings, but usually the 
employer was content to profit by the increased production and conse¬ 
quent reduction in overhead expenses. A direct saving in labor costs was 
effected in the case of sub-standard workers. 

w..The individual piece-rate system is particularly applicable to repetitive 
work and tasks which are readily measurable; operations performed by 
individuals and which yield a product readily inspected, counted, and 
credited after each operation. It appeals to energetic, skilled workers who 
find in it the opportunity to profit by their ability to produce more and 
exercise their ingenuity in improving methods. 

Group piece-work is used largely in assembly operations, for tasks 
requiring the cooperation of two or more for their completion, or involv¬ 
ing many short, simple operations. In such work individual piece rates 
would prove impracticable because of the amount of clerical work, inspect¬ 
ing, counting, and crediting involved. With group piece rates responsi¬ 
bility for poor work rests with the group and intermediate inspection 
may be dispensed with. Supenvisors, truckers, and other indirect labor 
may be included with the group, assuring the collective efforts of all 
contributing to output. The plan is especially effective with small groups 
numbering up to 15 or 20 who cooperate in completing a common task, 
as an assembly unit. It is sometimes used with groups numbering a 
hundred or more, and evidently to advantage. 

Piece Rates Set on Past Records.—In plants where programs of 
motion and time study have not been undertaken piece-work is less 
effective. Good workmen know the possibilities for improvements in 
working arrangements and if offered sufficient incentive will effect 
improvements. In these instances the worker gets the saving made and 
is stimulated to aggressive mental and physical effort. Slow workers and 
those on tasks not readily measurable are not so well disposed to piece¬ 
work. Also there is the feeling on the part of the workers that on tasks 
where accomplishment is not established on a basis of past experience, as 
in the case of new or unfamiliar work, rates will be set which favor the 
management.rMany rates are often mere guesses; some are “easy'^ and 
I3cMe;;^hafd.”, i . 

Al)normal piece rates may have a demoralizing effect on employees. 
Rates which are too low cause dissatisfaction, while those which allow 
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unusually high earnings may cause the workers to slow up and thus 
reduce outputs. Workers receiving abnormally high earnings would be 
fearful of cuts in rates. Once the employees get the idea that they are to 
be permitted to earn certain amounts and no more, the incentive to 
increase production is ended. From that time on, it is likely to be a 
game between the two opposing forces, one to get the maximum earnings 
from a minimum amount of work, and the other to get maximum pro¬ 
duction for only a little more than the usual day rate for the class of work 
in question. This situation keeps production averages somewhat low, 
and overhead high as compared w’ith other plans. 

Workers on piece rates are likely to be hindered by poor management 
in making high wages. Failure to deliver materials promptly, faulty 
production control, intermittent orders, improper tools and equipment, 
and lack of maintenance are factors to be reckoned with. The best 
workers gravitate to those plants where conditions in these respects are 
best. Under the day work plan some employees are carried during slack 
periods, and for others the work may be prolonged somewhat, but the 
piece-worker cannot stretch his job to his own profit. 

Changes, improvements and alternating periods of prosperity and 
depression call for rate adjustments. Changing designs and styles make 
such adjustments imperative. The workers oppose them, often bitterly, 
when the old rate is ''easy’' and the new one "hard,” feeling that in many 
instances the adjustment is but an excuse to reduce earnings. Without 
question high piece rates are a constant temptation to the management 
and an incentive to make changes which will lower cost. On the other 
hand, in industries where the unions have a strong grip the rigidity of 
rates may prove a real hazard to the industry. Thus there is continual 
ground for bickering and cause for ill-feeling. The high production theo¬ 
retically possible is not often attained and the lower production rates 
and high overhead common to unstandardized day work environment are 
perpetuated. Inequalities in rates are a source of irritation to workers, 
and the competitive spirit, each man for himself, may not be conducive 
to teamwork and good morale. Increased attention must be given to 
inspection to guard against slipshod and careless work. The custom 
of guaranteeing rates for a year stabilizes the situation somewhat. The 
application of the piece-rate system to unstandardized plants is at best 
only a partial success. 

Piece Rates Set by Time Study. —Applied to standardized plants 
with progressive management piece rates may prove quite acceptable to 
all parties. This implies the same initial work in plant improvement and 
equipment standardization, establishment of task times and keeping of 
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individual records as suggested for the successful use of the time payment 
plan. f 

Piece-rate operators require more than an immediate wage incentive. 
There must be steady work and opportunity for advancement to better 
paying jobs if the best men are to be secured. Order then emerges from 
chaos, harmony replaces strife, and teamwork takes the place of divided 
interests. 

While direct labor costs are fixed, the plan leaves overhead costs as 
an uncertain quantity, which affects accounting, estimating and budget¬ 
ing. Workmen like the plan because of its simplicity and the fact that 




0 2 4 6 8 10 12 14 16 18 2C 

Average Length of Service in Years 

Figure 131. Charts Showing Progress in Wage Earnings With Experience anc 

Length of Service 









450 


INDUSTRIAL MANAGEMENT 


[Ch. 26 


pay is proportional to output. However, recognition should be given to 
length of service and personal qualities of the worker. Under standard¬ 
ized conditions the success of the system is dependent upon good shop 
management and wisdom in its administration. The relation between 
earnings and the experience and length of service of shop workers is 
shown by the charts in Figure 131. 

Premium Plans of Wage Payment. —These plans differ from the 
piece-rate system in that task standards are usually expressed in time 
units rather than money. Workmen may be hired on an individual basis 
and paid hourly rates commensurate with the estimated value of their 
services, considering personal qualifications, length of service, etc. With 
variations in the cost of living, wages can be adjusted without disturbing 
the standard time. Day wages may or may not be guaranteed. Standard 
times are usually such that the average worker will earn a certain pre¬ 
determined premium, as 25% above the basic day rate with a normal 
day’s output. 

Considering a particular task, assuming that the rate per hour is $.60; 
standard time 8 hours; actual time 6 hours; 100% premium, the plan 
would operate as follows: 

Wages = (6 X -60)*+ (2 X -60) = $4.80 

Workers receive the benefit of all time saved. Excepting for sub¬ 
standard workers who may be shifted to other work, labor costs remain 
constant, the cost per piece remaining the same regardless of the premium 
earned by the worker. It is apparent that the plan may be modified to 
pay the workers any per cent of the savings desired. The system has all 
the advantages of the straight piece-work plan and in addition allows 
workers to be rated in the same manner as in a time wage plan. 

The premium plan of wage payment is readily applied to the work in 
tool rooms, storerooms, receiving and shipping departments. Outputs 
are measured in terms of value, bulk, weight or number of units or orders 
handled. Added compensation may then be allowed for extra outputs. 
Such a plan provides incentive in what are usually considered day work 
occupations. As the volume of work increases or men leave, it frequently 
happens that more work per man is willingly undertaken, and additions 
or replacements are unnecessary. Higher wages are thus paid, labor 
turnover reduced, and plant morale benefited. 

The Halsey Wage Plan. —The first of the various premium wage 
systems was devised by F. A. Halsey, a factory superintendent. The 
plan guarantees day wages, uses previous average production as a stand¬ 
ard of performance, and offers the worker from one-fourth to one-half of 
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the value of time saved. The premium is calculated on each job sepa¬ 
rately, so that failure on one job does not sacrifice the premium earned 
on another. The plan differs from day wages in that workmen get extra 
pay for increased production, and from piece-work in that the rate of 
pay per piece decreases as the output increases. Considerable savings are 
ordinarily possible, but as they are divided between the worker and man¬ 
agement there is not the same temptation to cut rates as in straight piece¬ 
work operations. The time allowances are liberal, rather than the pre¬ 
mium. Expressed in a formula the plan is as follows: 

Formula for Earnings 

1. Up to task: 

Earnings = Time wages = 

2. At and above task: 

Earnings = + saved^ X » fraction ♦ of the rate per hour 

= Rh(3H, + H. ) 

4 

Where = Actual hours taken; Rh = Rate per hour; Hg = Standard 
time in hours 

For a particular task, assuming that the rate per hour is $.60, standard 
time 8 hours, actual time taken 6 hours, bonus 33j4%, the plan would 
operate as follows: 

Wages = (6 X .60) + (2 X Vs X .60) = $4.00 

The advantages of the plan are several. It is easy to introduce, because 
established methods of work are not changed, and averages of past per¬ 
formances are used as standard times. It serves to “coax’" the workers 
to accomplish more, without any penalty for not doing so, and leaves the 
acceptance of bonuses as optional. The psychology of the plan is good in 
that the emphasis is placed on time saved rather than increased produc¬ 
tion. The guaranty of day wages appeals to beginners and slow workers. 

There are some important disadvantages. Job standards set in the 
manner suggested will prove inconsistent, with resulting “easy” and 
“hard” jobs. On the former, workers will make big premium earnings, 
while on the latter they will be content with day rates. Or, attempts will 


* A 25% bonus rate is assumed. If the bonus rate is H or ^ the saving, the final equation 
will be different. 
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be made to distribute time saved from one job to another to increase total 
premiums. There is an opportunity for favoritism by foremen in giving 
out tasks, and an inclination to compensate workers indirectly for jobs. 
This is unfair. In the setting of new task times, workers may attempt 
to slow up and establish “easy*^ times. 

The Halsey plan is suited to all tasks which are estimated, roughly 
timed or well standardized in themselves but uncertain in accomplishment 
from external deficiencies. 

In comparing the Halsey plan with plans based on motion and time 
study, it is customary to estimate 100% production with this plan as 
equivalent to 50% to 65% production under standardized shop condi¬ 
tions. When the Halsey or other plans devised for use in shops with 
unstandardized conditions are used in plants where task times are set on 
a basis of time studies, much less time will be saved by the workers. 
More liberal premium allowances will then need to be made. 

The Rowan Premium Plan.—This was devised by James Rowan, 
a Glasgow manufacturer. Like the Halsey plan, which it was to improve, 
standard times are based on records of past performance and its installa¬ 
tion does not disturb existing shop conditions or change methods of 
doing work. Task times are established for each operation or group of 
operations; day wages are guaranteed, and the rate per hour paid may 
vary with each workman. If a workman reduces the task time by a certain 
percentage, he gets an equal percentage of increase in his hourly rate for 
the time taken. The premium is a percentage of the time worked instead 
of the time saved as in the Halsey plan. Expressed in a formula the plan 
is as follows: 


Formula for Earnings 


1. Up to task: 

Earnings = H^Rh 


2 At and above task: 

Time , Plours saved Time 
Earnings = ■yvages + Hours standard ^ Wages 

= H,R, + Ek=^H,R, 

Where H„ = Actual hours taken; Rj, == Rate per hour; Hg = 
Standard time in hours 


For & particular task, assuming that the rate per hefur is $.60, standard 
time 8 hours, actual time taken 6 hours, the plan would operate as follows: 
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Wages = (6 X -60) +1X 6 X -60 = $4.50 

Mr. Rowan's premium feature was designed to protect the manage¬ 
ment in cases where the time allowed is too great, which often happens 
when standards are based on past performance, or possibly on mere 
guesses. As production is increased the premium increases, but not 
proportionately. The largest premium theoretically possible is equal to 
the time wages, which limits maximum earnings to twice the day rate. 
To earn this the time saved would have to equal time allowed for the 
task, which is physically impossible. In practice it is usually more liberal 
than the Halsey plan with a 50% bonus, premiums being greater up to 
one-half time saved, which probably covers most cases. 

The operation of the premium feature in limiting earnings as output 
increases cools the enthusiasm of the workers and maximum efforts are 
seldom obtained. The complex method of arriving at wages makes the 
plan difficult to explain satisfactorily and less interest is taken in it. 
From a management standpoint the costs of administration are high, but 
as wages are limited there is less cause for cutting. A sort of “happy 
medium" may be established—fairly high wages with a fairly high pro¬ 
duction rate. Besides saving one-half the labor cost on increased volume, 
a saving is effected in overhead. It has the same general merits and dis¬ 
advantages as the Halsey plan. 

The Taylor Differential Piece-Rate Plan.—Frederick W. Taylor 
believed that by improving working conditions, standardizing equipment 
and tools, perfecting administration and providing the worker with suffi¬ 
cient incentive, production could be greatly increased—in some cases 
several hundred per cent. His differential piece-rate plan was designed 
to be applied to repetitive operations with the standard times based on 
time study after the job standardization work suggested had been thor¬ 
oughly completed. It consisted in offering two different rates for the 
same job; a high price per piece in case the work was finished in the 
time allowed, and a low price if it took a longer time. If the worker 
accomplishes the task, but some of the work is imperfect, he may receive 
a still lower rate of pay. Taylor placed great emphasis upon job analysis 
work, the maintenance of standardized conditions and careful time study 
work, considering this phase of the work of even more importance in 
increasing output than the selection of a particular wage system. 

Task times were set with exceeding care, and at a point which made 
a fairly hard day’s work for a first-class man thoroughly trained in the 
doing of the task. Taylor aimed to pay high wages for an exceptional 
day’s work, to attract the best men and eliminate the mediocre and poor 
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men. Management’s gain was in the reduction of overhead by increased 
output. Rates were set so that workmen who made good earned from 
30% to 100% higher than the usual wage, the per cent varying with the 
nature of the work and as necessary to stimulate maximum efforts. 

The advantages of the system are important to men and management 
alike. Guesswork is eliminated in the setting of standard times. Man¬ 
agement assumes the responsibility for shop conditions and the men 
assume responsibility for production under the conditions established. A 
desirable feature of this plan not present in the Halsey or Rowan plans 
is its “pulling power” toward a predetermined, fairly high standard of 
accomplishment. This is accomplished by providing for a sharp rise in 
earnings for a stated volume or rate of output. This characteristic serves 
to increase production averages, with resultant higher wages to workers, 
and lower shop overhead to management. 

The disadvantages of the plan are generally considered to outweigh 
its merits. Failure to attain the mark set results in a double penalty, a 
decreased total wage as well as less pay per piece. Thus the reward is 
not proportionate to production. Principal interest in the plan lies in the 
fact that both rewards and penalties are contained in the same system. 
Taylor could not tolerate poor workmanship or loafing, and designed his 
plan to discourage them. Psychologically, however, it does not meet the 
needs of the average worker who may become easily discouraged. There 
is ample incentive for the worker to do his best, so that shop outputs 
.should average high. Expressed in a formula the plan is as follows: 

Formula for Earnings 

1 . Up to task: 

Earnings = Number of pieces X Low piece rate 

= N,(Rp)i 

2. At and above task: 

Earnings = Number of pieces X High piece rate 

= Np(Rp)2 

Where Np = Number of pieces; (Rp)i = Low piece rate; 

(Rp )2 — High piece rate 

For a particular task, assuming the number of pieces as 20, standard 
time 60 minutes; actual time taken 50 minutes; low piece rate $.03; high 
piece rate $.04X» we would have: 

Wages — 20 X •04X = $-90 (Rate per hour $1.08) 

With actual time 70 minutes, we would have; 

Wages = 20 X -03 = $.60 (Rate per hour $.51X) 
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The plan was never widely adopted, but it has been the basis of much 
discussion. Its severity in weeding out all but the/best workers, and the 
high comparative tasks set under it, antagonized labor. 

The Gantt Task and Bonus Wage PJan.—H. L. Gantt was a co- 
3 rker with Taylor and his wage plan is based on Taylor's differential 
piece-rate system. Output standards under this plan are established by 
time study and based on the work of the best men under the best con¬ 
ditions. Workers finishing the task in standard time or less receive pay 
for the time allowed plus a percentage of that time, varying from 20% to 
50%. Only those who are well qualified earn the bonus, but day wages 
are guaranteed. Bonus earnings provide a strong incentive to attain the 
standard, but the guaranty of day wages protects the worker in event of 
failure. 

The psychological effect of this feature was very great at the time the 
plan was introduced, for, in the estimation of the workers, the task 
standards were exceedingly high. Much of the expected increase in out¬ 
put was to result from improved operating conditions and methods rather 
than increased effort on the part of the worker, but this was difficult to 
explain to the satisfaction of the workers. Regarding this Mr. Gantt 
said: 

When it is realized that proper piece-work will, in many cases, produce 
at least three or four times as large an output as ordinary day work, the 
difficulties of putting men directly on piece-work who have been accus¬ 
tomed to doing work in their own way and in their own time would seem 
to be, and generally is, extremely difficult. While the men who are on day 
work usually realize that they are not doing all they can do, when they 
arc told that it is possible to do three or four times as much as they are 
doing they simply do not believe it, and it is very difficult to make them 
accept as just, a piece rate founded on this basis; but a reward in addition 
to their pay rate constantly held before them will finally be striven for by 
some one, and when one has obtained it others will try for it. In other 
words, if the instruction card is made out, and a substantial bonus offered, 
time will do the rcst.^ 


When introduced the acceptance of the bonus was optional, and vari¬ 
ous incentives were devised to arouse interest and make it a success. 
Foremen were paid a bonus proportional to the number of men under 
them who qualified for the premium, with an additional sum if ail 
qualified. Individual production records were posted in the shops to 
stimulate enthusiasm, bonus societies were organized and an effort made 

* “Bonus System for Rewarding Labor,” H. L. Gantt, Transactions of the American 
Society of Mechanical Engineers, Vol. 23, p. 343. 
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to give distinction to the successful. Shop conditions were at first not 
standardized, and task times were changed from time to time as impro\e- 
ments were effected in machinery or methods, these being indicated on 
the instruction cards. 

The plan permits the fixiijg of individual hourly rates. For each task 
a regular rate can be indicated; then workmen who are called at irregu¬ 
lar intervals to do unusual jobs, while earning individual hourly rates 
will receive a bonus on the basis of the regular job rate. Thus all bonus 
earnings on a given job are the same, which appeals to the sense of 
fairness of the workers. 

Labor costs are high for low production, and on a piece-rate basis 
for standard accomplishment or better. Production levels are fairly high 
under the plan because of the strong incentive offered for task attain¬ 
ment. A sharp leap in earnings occurs as the worker achieves the task 
set. The worker benefits by all the time saved. Expressed in a formula 
the plan is as follows: 


I. Up to task: 

Earnings = UaPh 


Formula for Earnings 


2. At and above task: (with 30% bonus) 


Earnings = 


Standard 
hours ^ 


Rate per 
hour 


+ 30% X 


Standard Rate per 
hours ^ hour 


— H„Rjj 30%HhRi, 

= 1.30H,Rh 

Where H„ = Actual time in hours; Ri, = Rate per hour; = Stand¬ 
ard time in hours 

For a particular task assuming that the rate per hour is $.60, standard 
time 8 hours, actual time taken 6 hours, and bonus rate 25%, the plan 
would operate as follows : 


Wages = (8 X .60) -f (25% X 8 X -60) - $6.00 

The Emerson Efficiency Wage Plan.—Harrington Emerson’s wage 
payment plan has proved popular with workers. Time standards are set 
by time study following job analysis work as in the Gantt and Taylor 
plans. Day wages are also guaranteed. Further, premium earnings begin 
to accumulate when the worker attains 67% efficiency. These are small 
to begin with but amount to 10% of time wages when the worker 
becomes 90% efficient, and 20% when he attains the standard. Above 
this point he gets all the time he saves plus 20% bonus for the time he 
works. Expressed as a formula the plan is as follows: 
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Formula for Earnings 

1. Up to 66% of task: 

Earnings = 

2. Between 67% and task: 

Earnings = Time wages -)~ Certain bonus % X Time wages 

= + B X H«R^ 

= (l + B) 

3. At and above task: 

Earnings = Time wages -|- Savings 4" 20% Time wages 
- U,Rh + (H, - Rh + .20 H,R, 

= Ri. (H, + .20 IIJ 

Where = Actual time taken in hours; R^ = Rate per hour; = 

Standard time in hours; B = Bonus 

For particular problems assume that the worker has completed a 
40-hour week, and has done work for which the standard time allowed is 
36 hours. His efficiency is 90%. If he completes the work for which the 
standard time allowed amounts to 44 hours, his efficiency is 110%. At a 
rate of $.60 per hour, and using bonus chart in Table 15, we have the 
following computations: 

In the first case earnings would be: 

40 X .60 + 10% X 40 X -60 - $26.40 

In the second case the result would be: 

40 X .60 + 4 X .60 + 20% X 40 X -60 = $31.20 

In practice, efficiencies are usually figured over periods of a week or 
possibly longer, in order to get averages and eliminate spasmodic work. 
The plan may be applied to groups with varying hourly rates. The 
guaranty of day wages and the premium earnings at low efficiencies 
appeal to beginners. How^ever, this feature increases costs at low pro¬ 
duction rates, and the lack of a high incentive offered for a particular 
high production rate lessens the “pulling capacity” of the plan and results 
in lower average productions than with some others, notably the Gantt 
plan. 

C. E. Knoeppel has modified the Emerson plan somewhat by provid¬ 
ing an extra 5% bonus at the task point, which serves to stimulate the 
worker to attain it, resulting in higher average productions and lower 
total costs. 
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Table 15. Bonus Chart 


Efficiency 
in Per Cent 

Bonus 
Emerson 
Wage Plan 

Efficiency 
in Per Cent 

Bonus 
Emerson 
Wage Plan 

66. 

.0000 

84. 

. 0553 

67 . 

.0001 

85 . 

.0617 

68. 

.0004 

86. 

.0684 

69. 

.0011 

87 . 

.0756 

70 . 

.0022 

88. 

.0832 

71 . 

.0037 

89 . 

.0911 

72. 

.0055 

90 . 

.0991 

73 . 

.0076 

91 . 

.1074 

74. 

.0102 

92 . 

.1162 

75 . 

.0131 

93 . 

.1256 

76 . 

.0164 

94 . 

.1352 

77 . 

.0199 

95 . 

.1453 

78. 

.0238 

96 . 

.1557 

79 . 

.0280 

97 . 

.1602 

80 . 

.0327 

98 . 

.1770 

81 . 

.0378 

99 . 

.1881 

82 . 

.0433 

100 . 

.20 

83 . 

.0492 




The Bedaux Point Premium Plan.—Chas. E. Beclaux has developed 
a wage plan which establishes a standardized unit of work. It has proved 
very effective. The time unit adopted is the minute. A “point” or “B” 
unit is a fraction of a minute of effort, plus a fraction of a minute of allow¬ 
ance time, the aggregate of which is always one minute. The proportion 
of allowance time, which includes rest time, constitutes a varying 
amount of the “point” depending upon the strain induced by the task. 
A hard task would have a greater amount of allowance time in each 
“point.” For an easier task the proportion of effort or work time would 
be increased. Sixty “points” is the normal hour’s time. 

In applying the plan the shop is first standardized in order to assure 
the worker that the same accomplishment will consistently result from 
the same expenditure of effort, and the number of “points” in each task 
is determined by time study. Base wages are set at the community level 
for the class of work. New men or beginners are paid, say, 85% of this 
amount, but are advanced to the base rate when their output reaches the 
standard. Those who fail to reach the standard are shifted to other jobs 
for which they are better qualified. Production in excess of standard is 
paid for at proportional rates, usually starting at 100% but gradually 
decreasing as the speed of the operator progresses. 

Good workers may readily reach 70 to 80 points per hour, with occa¬ 
sional records of over 100 points. With this system in operation the 
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work of individuals, groups, or departments is reduced to a common 
denominator and may be readily compared. Individual records posted 
daily show what is being done and stimulate interest. As in all incentive 
schemes, changes in methods of doing work are destructive of morale. 
The plan is simple, workers are enabled to increase their earnings, and 
management profits by increased production and improvement in morale. 
Incoming orders may be estimated in “points” of work, departmental 
assignments made on a basis of capacity in “points,” thus facilitating 
production control and assuring deliveries. Expressed as a formula the 
plan may be as follows: 


Formula for Earnings 

1. Up to task: 

Earning:s = 

2. At and above task: 

Earnings = Time wages + Earnings saved 
= H,Rh+(H«-HJ 
= H,Rb 

Where H,j = Actual time taken in hours; = Rate per 
hour : IL — Standard time in hours 

For a particular task assuming the rate per hour is $.60, standard time 
8 hours, actual time taken 6 hours, and with a 100% premium rate, the 
plan would operate as follows : 

Wages = (6 X -60) + (2 X -60) = $4.80 

This is similar to the 100% premium plan, except that a unit of work 
is established and the per cent of premium may fluctuate according to 
the speed of the worker. 

In process work where the volume is outside the control of the work¬ 
ers, a process allowance may be introduced. This would vary with the 
volume, being greater for a smaller volume and less as it approached the 
normal. In effect this process allowance would keep up the worker's 
pay, when the volume of product is low for reasons beyond his control. 

Management finds in this and other “point” systems of wage payment 
a valuable control device. “Point” standards for non-productive work in 
the shop are established and the amounts of each required for different 
volumes of output indicated. Costs may thus be kept in line by checking 
actual figures against standards. When installing a system of this kind 
the first essential is to improve the working conditions. By so doing the 



Table 16. Comparison of Characteristics of Various Wage Plans 

(Variations in Efficiency Occur with More or Less Success in Administration) 
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workers, experience indicates, are enabled to prpduce from 10 to 30 or 
more ‘‘points'’ of work per hour without any more effort on their part. 

Group Bonus Labor Payment Plans. —Group bonus plans are pre¬ 
mium plans which make the individual's pay dependent upon teamwork. 
Day wages are guaranteed, but bonus earnings increase with greater 
production. The aim is to form into teams those who naturally work 
together. They may do assembly work, complete a part, or perform a 
series of operations. On assembly lines a group may include one hundred 
or more, but in production operations the greatest interest and sense of 
responsibility is apparent when the group numbers less than twenty, 
preferably not over twelve. Indirect workers and foremen may be 
included as group members. 

As individual earnings depend upon group production, workers 
quickly assume responsibility for discipline, member cooperation, volume 
of output, and its perfection. As defective work must be made good it is 
to the advantage of each man to detect deficiencies on parts before added 
labor is performed on them. As only complete work is counted, material 
in process is not permitted to pile up at any intermediate point. Workers 
who are not qualified, who fail to cooperate, or are otherwise undesirable 
must answer to fellow employees as well as to the management. Members 
of a group have a common interest in training new men and in following 
the leadership of the foreman. The inexperience of beginners is not 
allowed to lower the efficiency rating of the groups, and they do not 
share in the bonus earned. 

Group bonus and premium plans granting the workers 100% of 
savings effected in direct labor are deservedly popular with workers. 
Management gains in the improvements effected by job study and the 
higher standards set. Even unintelligent labor understands this simple 
wage plan and responds to the appeal of “getting all it earns." 

The amount of bonus received by each w^orkman depends upon his 
wage rate, and is determined by multiplying his base rate earnings by 
the group bonus per cent. A great deal of clerical control, counting, issu¬ 
ing of labor tickets, and intermediate inspections is dispensed with by 
keeping track of finished parts only, instead of operations, and for a 
group instead of individuals. 



CHAPTER 27 


BUDGETS 

The Budget Is a Control Mechanism. —The keynote of management 
is control. The budget is an administrative device for controlling indus¬ 
trial activity and guiding it toward a defined objective. In preparing a 
budget the business man forecasts his business, calculates the costs of 
manufacture and distribution, plans his financing, and estimates profits 
for the period under consideration. The analysis results in the adoption 
of a definite, considered program of preplanned activities and cost esti¬ 
mates, which serves as a guide for performance and a check on accom¬ 
plishment. 

Formerly, the chief executive could be in touch with his departmental 
subordinates, counseling with them concerning policies and procedure 
and checking results at first hand. Today, in big business, major respon¬ 
sibilities are necessarily wddely delegated, necessitating more formal 
means for making clear future plans, coordinating the efforts of execu¬ 
tives in a common aim, and appraising accomplishment. The budget 
supplies this needed mechanism. 

Budgeting implies planning ahead, which requires a careful interpre¬ 
tation of the past with judgment of the future. No business will succeed 
without planning, and budgeting substitutes scientific forecasting for 
guesswork. Business facts are too vast and too changeable to permit of 
exact measurement and prediction, but with experience and a rapidly 
developing skill in the technique of analysis very accurate forecasts are 
possible. The big ups and downs in the production program are easily 
eliminated by the use of budgets; in fact so satisfactory have been the 
results of its use that the value of the budget as a managerial device is 
unquestioned. 

The present-day executive appreciates that results must have causes, 
and seeks to ascertain, interpret, and evaluate fundamental influencing 
factors which bring about existing conditions. Statistical analysis of fac¬ 
tual data results in plans far more accurate than those shaped by experi¬ 
ence and judgment only. 

Planning Sales and Production Volume. —The volume of sales or 
number of commodity units to be produced will be influenced by several 
considerations, the most important of which are (1) production capacity, 
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(2) sales possibilities, and (3) finances. In periods of slow business the 
empliasis is placed upon increasing sales to utilize the manufacturing 
capacity. With improved business conditions it has been a misconcep¬ 
tion of management to think of increasing volume above normal as 
good business. Extra costs may easily accrue in handling peak loads. If 
facilities are expanded unwisely, or if buildings are constructed in periods 
of high building costs, a part of capital investments will need to be 
written off. The company treasurer will analyze the cost and long-time 
effect of necessary financing. These costs vary, and the possibilities of 
advantageous stock, bond, or note issues, and bank borrowing need to be 
evaluated. 

The Budget Unifies All Activities.— A business budget sets a goal 
which represents a carefully predetermined objective for the company, 
makes clear to each department and individual throughout the organiza¬ 
tion the general policies and aim of the enterprise, indicates the part each 
is to play in achieving the goal, establishes standards of performance, 
and appraises results. In its preparation it brings to the aid of the chief 
executive the specialized wisdom of all major and minor executives. It 
compels all to think through plans and formulate policies which, when 
revised and perfected, represent a working schedule set mainly by the 
group which is responsible for its fulfillment. In this manner all the 
departments are coordinated in a common scheme of endeavor which 
assures unity of effort throughout the organization—in production, 
finance, and distribution. 

The Budget Serves as a Guide.—With a budget established the chief 
executive has a detailed picture of expected operations before him, and 
in the daily direction of affairs he will recognize transactions and expendi¬ 
tures as part of a general plan. Without such a guide his perspective of 
affairs is less accurate, and he is to be pardoned if his decisions reflect 
faulty judgment. Whereas accounting has provided him with a post 
mortem of activities—a history, good or bad, of events after they have 
happened—budgets look ahead and seek to make the way economically 
safe by forethought and analysis. By the pre-adjustment of various ele¬ 
ments of expense the business picture is brought to proper proportions. 
Expenditures are thus directed and controlled in amount, and losses 
averted. 

Aims and Benefits of the Budget.—Introduced primarily to control 
costs and prevent waste, experience has proved budgets to be of value 
in many ways. 
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1. The formulation of a budget requires a thorough consideration and 
analysis of all factors influencing the business as a preliminary to the 
establishment of definite sales, production, and financial policies. 

2. A budget combines in one coordinated plan all the activities of the 
business, making it possible to harmonize all departmental programs in a 
cotiimon effort toward a single objective. 

3. Budgets translate policies into working plans, and designate defi¬ 
nitely departmental and individual responsibilities. They outline in each 
instance the extent and kind of activity to be performed and the expendi¬ 
tures which may properly be incurred. 

4. Management is provided with a chart of operations as a guide to 
day-by-day activities, with a means for direction and control. 

5. Expectations and estimates may be constantly checked against the 
actual situation, permitting prompt modification and readjustment of 
plans if results are not favorable. 

6. Estimated expenditures are indicated in total, subdivided by de¬ 
partments, and classified in detail wdthin departments. Variations from 
anticipated rate of expenditure for any purpose will be quickly noted, the 
cause ascertained, and losses forestalled. 

7. As all expenditures must be estimated and justified in advance, and 
an accounting made, less money will be wasted. The careful consider¬ 
ation of expenditures promotes improvements and leads to economies in 
operation. 

8. Experience proves that the establishment of a goal or standard 
invariably provides an incentive to better accomplishment. Business be¬ 
comes a game with all interested in lowering records. 

9. Improved performance becomes a matter of record and a basis for 
new standards. 

10. Labor employment is stabilized by producing on a more uniform 
schedule and filling peak sales demands from accumulated stocks. 

11. Definitely scheduled requirements permit minimum inventories 
of raw as well as finished materials. 

12. The treasurer is aided in scheduling receipts and disbursements 
with a reasonable degree of exactness, utilizing capital economically, and 
in arranging well in advance for needed loans. 

13. Budgets provide bankers with a comprehensive map of proposed 
business activities which may be used as a basis for considering financing 
arrangements desired. 

14. The morale of an organization is strengthened by stabilizing em¬ 
ployment, the setting of definite responsibility with known acceptable 
standards of performance mutually arrived at and agreed upon, avoid- 
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ance of departments working at cross purposes, and knowledge that 
ability will show in reduced cost figures which are comparable. 

The preparation of a budget evokes the ideas and intelligence of all 
who have responsibility for performance, widening the circle of those who 
participate in management. Better plans and policies result. A budget 
tends to curb undue optimism or pessimism of department heads by 
bringing to bear statistical facts and the broader perspective of major 
executives. It is to business what the navigator’s chart is to the ocean 
pilot. 

The Budget Executive.—Experience demonstrates the wisdom of 
centering the responsibility and authority for the administration of 
budgets with an officer of high rank. Very often the chairman of the 
board, or the president, is designated to be in charge; while in other in¬ 
stances the treasurer, comptroller, or general manager receives the as¬ 
signment. The general manager has unquestioned authority with the 
heads of functional departments in requiring estimates and reports, and 
is in a position to settle any controversies which may arise with regard 
to coordination of departmental activities and estimates. The other 
officers named are qualified by an intimate understanding of the affairs of 
the company as a whole and the similarity of the work involved with 
regular duties. The comptroller, particularly, will be skilled in the prepa¬ 
ration of statistics, and the interpretation and judgment of data. Much 
of the actual work to be performed, and all the detail duties, will be 
handled l)y a staff assistant of the official designated as budget officer. 

The executive in charge of the budget should be assisted by a com¬ 
mittee composed of heads of the principal divisions of the business, such 
as the sales manager, production manager, comptroller, treasurer, and 
possibly the personnel manager. 

Methods of Determining Budget Figures.—For a budget to be 
successful it must be sold to the organization, and have the respect and 
cooperation of all concerned. A budget may be arbitrarily imposed from 
dl)Ove, or it may be allowed to develop from below simply and logically 
through the efforts of the organization as a whole. The former plan is 
likely to prove unsatisfactory, and fail; while the latter procedure will 
establish and maintain goodwill. The effectiveness of the budget is de- 
jDendent upon the data and figures which give it form, and these are of 
greatest worth when supplied by those on the “firing line,” who in turn 
are responsible for performance. Likewise, building up from below 
stimulates the rank and file of subordinate executives to thinking in terms 
of management and gives them an appreciated opportunity to participate 
in it. This situation arouses interest and enthusiasm. 



466 


INDUSTRIAL MANAGEMENT 


[Ch. 27 


Plans for Budget Procedure. —One plan of budget procedure places 
the greater share of responsibility and the initiative in the hands of the 
budget officer, as for instance the comptroller. The budget committee 
decides upon a sales quota, considering marketing possilnlities, and pro¬ 
duction and distributing costs. The committee has in mind the profits 
which can reasonably be expected under prevailing business conditions, 
or are desired, considering the invested capital; also estimated selling 
prices, and manufacturing costs. 

\\^ith these data, the comptroller, utilizing the accounting data and 
statistics available in his department, estimates operation costs for the 
principal departments of the business. These figures submitted to depart¬ 
ment heads, together with the proposed schedule of operations, are sub¬ 
divided into division and section estimates and ])laced in the hands of 
the executiv’es in charge. Detailed estimates of the expenditures called 
for are prepared by these individuals as a check on the allowances made. 
Informal conferences with superiors, including the budget executive, may 
be necessary in efforts to reconcile conflicting estimates, differences in 
judgment, or secure any necessary changes in appropriations. As agree¬ 
ments are reached, section and department estimates are consolidated into 
division estimates, and these in turn summarized by the luidget officer. 

The budget program then meets its final test at the hands of the budget 
committee. Are all plans as proposed sound? Can they be realized? 
Are any changes suggested in the light of new develoj)ments in the busi¬ 
ness situation? Have any necessary changes in estimated costs affected 
anticipated profit margins? What further tests can be applied to the 
wisdom of the program outlined? From the deliberations of this group 
there will finally emerge an agreed upon working program, which when 
approved by the chief executive w ill constitute the budget for the ensuing 
period. 

At the initiation of the budget procedure it is desirable to call a group 
meeting of all those who will be active in the preparation of estimates, 
at which time the objectives of the management may be j)resented, 
the procedure of preparation outlined, and support w^on to the plan of 
action. Further general meetings should be held from time to time, 
especially when the departmental budgets are nearing completion, to 
assure that departmental plans properly interlock, and for discussion of 
the program in its entirety. 

Another and perhaps more usual plan adopted is to submit proposed 
production and sales programs to the resj)ective departments and ask 
them to prepare expense budgets. This is done on a basis of previous 
budget figures and experience, modified in accordance with prevailing 
conditions. These departmental and division expense budgets are then 
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gone over in conference with the budget officer and budget committee, 
and finally evolve into an acceptable working program. Hoth plans of 
procedure finally result in figures agreed to by all concerned. Emphasis 
in one direction or another will be suggested by its effect upon expediting 
results and influence upon morale and sense of responsibility for attaining 
objectives. 


Classification of Expenses for Budget Purposes. —There are two 
classes of expenses to be considered in budget estimates: 

1. Fixed expenses which do not change greatly with volume of 

business. 

2. Variable expenses which are affected by or are proportional to 

volume of business or work done. 


Department heads within a plant have control only over variable 
^penses. For this reason budgeting should be along lines of responsi¬ 
bility, and fixed or overhead expenses budgeted at their sources. An 
operating department is not responsible for cost of insurance, taxes, de- 
])reciation that is charged for accounting purposes, heating or air condi¬ 
tioning, and should not be budgeted for them. Thus, budgeting expense 
may not coincide with accounting charges because of the difference in 
distribution. 


Checking the Budget. —The periodical compilation of costs will reveal 
the actual results for comparison with budget estimates. These reports 
should entail little extra expense, if any, for the figures required are those 
customarily accumulated for accounting purposes. Copies are supplied 
(o the general manager and departments interested. Any appreciable 
variations from the anticipated situation may be checked to ascertain 
causes, and the necessary steps taken to remedy deficiencies. 

When first installed a system of budgets may prove unreliable and 
results may vary considerably from their estimates. With exj)erience, 
however, closer approximation results and the desired control is achiewd. 

Operating Ratios. —Table 17 provides a suggestion for the presenta¬ 
tion of operating relationships. The figures will vary with th^ volume 
of business and the time, but they are no less significant on that account. 

Talon, Incorporated, uses the profit and loss budget as a master con¬ 
trol. “If we know the anticipated sales income, the minimum profit 
desired, and the resultant taxes, it is evident that a limit is established 
beyond which selling, administrative, and manufacturing expenditures 
cannot go without seriously curtailing capital return. 

“Making use of basic information concerning past cost records, present 
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cost trends, and anticipated cost reductions, we then break down the total 
expenditure into the various cost elements—selling expense, administra¬ 
tive expense, direct labor, direct material, factory overhead, etc.—and 
corresponding limits are established for each. We find a picture of the 
long-term trend in each of these income and expenditure elements, pre¬ 
sented graphically, to be of great value in establishing these limits. . . . 
The direct result of this analysis is the establishment of our profit and 
loss budget for the coming year.*' ^ See Table 17. 


Table 17. Fundamental Operating Relationships 
Profit and Loss Budget for Year. 


Net Sales 
Direct Material 
Direct Labor 
Overhead 

Total Expenditures 
Inventory Increase or Decrease 

Cost of Sales 
% to Sales 

Gross Profit 
% to Sales 

Selling Expense 
% to Sales 

Administrative Expense 
% to Sales 

Total Administrative and Selling Expense 
% to Sales 

Operating Profit 
% to Sales 

Other Income and Expense 

Net Profit Before Taxes 
% to Sales 

Provision for Taxes 
% to Sales 

Provision for Contingencies 
Total Provisions 

Net Profit 
% to Sales 

Dividends 
% to Sales 

Net Profit to Surplus 
% to Sales 


* ''Budgeting for Profit,” by P. K. Poulton and P. H. Goldsmith, Factory Manage- 
ment and Maintenance, Vol. 97, No. 9, p. 52. 
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A proper relationship of these items may be /established for any busi¬ 
ness. Then, if cost of sales or net profit is out of balance, the actual ratio 
will be abnormal and attract attention to the situation. A further devel¬ 
opment of these ratios might show an incorrect relationship between 
direct and indirect labor and thus indicate an inadequate use of mechan¬ 
ical handling equipment. Each ratio given is a guide and a signal. 


Table 18. Comparative Results of Operations for Different 
Sales Volumes 


Salosf thousands 
of dollars)... 

600 

600 

700t 

800 

900 

1000 

1100 

1200t 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

Sales (percent¬ 
age) . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Materials. 

40.3 

39.4 

38.5 

37.8 

37.2 

36.7 

36.7 

36.7 

36.7 

36.7 

36.7 

36.4 

36.1 

35.8 

35.5 

35.2 

Direct Labor . 

28.0 

27.5 

27.0 

26.5 

26.0 

25.5 

25.5 

25.5 

25.5 

25.5 

25.5 

25.0 

24.5 

24.0 

23.5 

23.0 

General Factory 
Expense .. 

20.0 

19.0 

18.0 

17.0 

16 5 

16.0 

15.5 

15.0 

14.5 

14.0 

13.5 

13.0 

13.0 

13.0 

13.0 

13.0 

Cost of Sales . 

88.3 

83.9 

83.5 

81.3 

79.7 

78.2 

77.7 

77.2 

76.7 

76.2 

75.7 

74.4 

73.6 

72.8 

72.0 

71.2 

Gross Profit on 
Sales. 

11.7 

14.1 

16.5 

18.7 

20.3 

21.8 

22.3 

22.8 

23.3 

23.8 

24.3 

25.6 

26.4 

27.2 

28.0 

28.8 

Selling Expenses 

8.0 

7.7 

7.5 

7.3 

7.1 

7.0 

e.g 

6.8 

6.7 

6.6 

6.5 

6.4 

6.3 

6.2 

6.1 

6.0 

Selling Profit.. 

3.7 

6.4 

90 

11.4 

13.2 

14.8 

15.4 

16.0 

16.6 

17.2 

17.8 

19.2 

20.1 

21.0 

21.9 

22.8 

Administra¬ 
tive Expense 

10.0 

9.0 

8.0 

7.0 

6.5 

6.0 


5.8 

5.7 

5.6 

5.5 

5.4 

5.0 

5.0 

5.0 

5.0 

Operating Profit 

6.3* 

2.6* 


4.4 

6.7 

8.8 


10.2 

10.9 

11.6 

12.3 

13.8 

15.1 

16.^ 

16.9 

17.8 


* Loss. t The break-even point is at 58 per cent of a normal capacity estimated at a 

sales volume of $1,200,000. X Normal production capacity 


Table 18 gives comparative results of a firm’s operations for different 
sales volumes. The compilation of such a table provides budget data, 
which as time passes increase in dependability and value. It will be 
noted that the various expenses do not vary proportionately with produc¬ 
tion increases. Data of this kind offer opportunity to readjust budget 
figures in harmony with actual conditions. 

The Sales Budget. —Sales volumes are influenced greatly by the in-, 
tensity of the selling effort, prices quoted, and the market. They vary 
with the season, with general business conditions over longer periods, 
and with accidental happenings. These latter causes, which include acts 
of providence, strikes, style changes, etc., can seldom be foreseen or 
anticipated. 

Sales managers alert to note local conditions affecting dealer demand 
may learn much through salesmen’s reports, local papers, credit journals, 
crop reports, and bank bulletins. The recognition and interpretation of 
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forces affecting business over national areas require a broader perspec¬ 
tive, and an appreciation of the nature and causes of business cycles. In 
the main budgets are built on past experience. To produce a dependable 
forecast requires a combination of experience, business acumen, statistics 
of the general situation, and a thorough knowledge of the facts pertaining 
to the business. The budget committee supplies this broad-gauge intelli¬ 
gence which is so necessary if predictions are to prove dependable. 

As sales quantity budgets pass from those interested primarily in dis¬ 
tribution to the budget officer or budget committee they are viewed with 
greater perspective and from the manufacturing viewpoint, and with 
greater appreciation of the general effect of the proposed program on the 
company’s welfare. Increased sales do not necessarily add to profits. 

The Sales Expense Budget.—Experience shows that selling expenses 
may be estimated within 1% of the actual. This is accomplished by a 
predetermination of the ratios of selling expenses to sales volume that will 
permit profitable operation, setting up a ratio in the budget that will 
permit a profit to be gained, and then making sure, by a close follow-up 
of subsequent activities, that this budgetary estimate is met. A tendency 
to spend expense appropriations without reaching sales quotas must be 
constantly guarded against. 

Sales expenses cannot be decreased in proportion to the falling-off 
of sales, but the wisdom of increasing sales effort at such times is to be 
questioned. If dealers are justified in withholding orders the best policy 
may be to decrease selling effort and sales costs. Variations from accom¬ 
plishment with budget estimates should provoke a careful study of causes 
and perhaps result in a revision of sales policy to conform to the existing 
situation. 

Manufacturing Departmental Budgets.—Production quota figures 
to the operating departments may be accompanied by expense estimates, 
or these may be prepared by the individual dej^artment as previously sug¬ 
gested. In event the latter plan is used previous budget figures and ex¬ 
perience will serve as a guide. Estimates so prepared are subject to care¬ 
ful scrutiny by department heads and budget officers, and requests for 
revision are made as circumstances warrant. In this way the final budget 
arrived at is the joint effort of the budget officer and the operating de¬ 
partments, but must in a true sense represent a self-set goal of the latter. 
Certainly greater responsibility for results can be insisted upon when 
this is the case. 

Quantity estimates are analyzed and broken down by department 
heads until the work for each divisional supervisor or foreman is 
planned in detail. Expense estimates are then prepared by these men, 
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DEPARTKEUT 10»61 BUDGET 
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BUDGET 

lANUART 

Mo 

niBilUAJiY f7 

Mo. 

Acc. 1 

40 Place Work 

1 




\ 

41 Day Work 

t 





42 Job Order 

3 










/ 

TOTAL DIRECT LABOR 

1 

15.000 


1.200 

2.450 / 


f 

||B|hb|||||||||H| 


hhhihhi 

—ii—il 

50 Superrleloa 


3.000 

260 

230 


51 Clerical 

• 

100 

8 

5 


52 Set Up 







10 






11 

100 

8 

5 

HUiCTfl 

1 56 Overtime 

12 

100 

8 

5 



13 

300 

25 

15 

SBSnil 

58 Retainer 

14 


8 

5 


59 Vacation TIm 

IS 

MMESSWi 

ihhhhhbi 




m 




_ 1 

1 63 Cm\\ Tl«« 

IT 




> 


11 




J 


IS 



_ 



0 








307 


572 ^ 


5 


'■HHHIBHii 

mSSmm 



33 

_300_ 

17 

15 

32 ' 

1 71_Suppliee_ 

34 

MEMW; 

17 

15 

32 


Qj 

■S9^^9i 

17 

15 

32 


fTl 


4 

jjllllllllllllllBniii 

9 


Q 


30 


—EJiM 


rfi 

50 _ ; 

5 




0 

l.OQCl_ 

80 

75 


i 9fl Mla^. C*n«BM 

33 





0 

BHHHlHH' 

IIIIHHHHi 


SBSSm 

mmK:!V7^mmmwwTr7m^ 

0 

2.000 1 

170 

150 

320 1 1 


0 

HMiBHii' 

HHHUlllHi 




a 

6 000 

477 

415 



0 

* 




1 PRO-HATES: 

31 






17 

5.000 

400 

360 


1 _ToolRoome_ 

31 

■HHHIlHHIi 


BBPfS 



3t 

3 000 

250 


450 1 


«0 

2.000 

160 


290 


41 






«2 

16.000 



2.382 L 


41 






44 

219.000 


17.206 

35.168 L 


«S 



IHHlHHi 



40 

260.000 1 

2Q^50C) 

19.500 

40.000 m 


47 

■ihhhhhh, 

IHHBIIIIIIIIIH 

mmmm 



43 

.09370 1 

.09370 




4$ 

_.26720. 

.26700 




SO 






SI 

2.640.000 

- 252706^ 

212.850 

434 A*5n_» 


n 

22.415 

1.892 

1.812 

3 JZfVW'A 

1—EiRM ——— 

u 

282.0 

23.8 

k.8 

46 

production per opr. DAT 

34 

93.617 

93.617 

■KDOSH 

COTwVt— M 

_ P. L. HOURS PIR QPH. DAY_ 

n 

79 

79 

mStmm 

79 W 

— II lll■l■llll|| — 

13 

63 

63 

63 

63 1 

.II!I I II■ n 1 II \wm 

17 

.69 

.49 

.49 



n 




.49 1 


13 




1 


le" 



r 


Dtpart—nt ELRiCHP 


I'igurc 132. A Typical Annual Departmental Budget for a Direct Production 

Department 

(From “Budgetintf to Cut Unit Costs,” by P. K. Poulton and P. II. Goldsmith, Factory 
Management and Maintenance, Vol. 97, No. 10) 


































































472 


INDUSTRIAL MANAGEMENT 


[Ch.27 

which after review and correction by department heads are consolidated 
into a department budget. In like manner further progress is made until 
one set of figures represents the combined estimate of operating expenses 
for the proposed program. 

Direct costs which vary with output, such as wages under the piece¬ 
work plan, are readily summarized. Indirect costs may be estimated 
from experience at previous corresponding periods or during the pre¬ 
vious month. Another method is to make calculations on a basis of units 
of output, as per pound, etc., or on a basis of productive man-hours. 

Man-hours of productive labor. 4,000 5,000 6,000 

Expense rate per unit. $ .45 $ .41 $ .39 

Expense rates will vary somewhat at different seasons due to taking in¬ 
ventories, extra help during vacation periods, etc. They will not vary 
directly with productive labor hours because supervision, quantities of 
supplies, stationery, etc., do not so vary. 

One large company began its budgeting work with simply an analysis 
of departmental expenses along the lines on which budget estimates 
would be prepared. These figures in the hands of department heads and 
foremen showed what had been accomplished, stimulated interest, and 
provided a bull’s-eye at which to aim. Cooperation followed as a matter 
of course. Experience proved educating to both the budget and operating 
departments, resulting in improved budgeting technique and continued 
lowering of operating costs. Figure 132 provides a typical annual de¬ 
partmental budget for a direct production department. Anticipated ex¬ 
penditures are shown by months ; also the year-to-date total. Periodically, 
reports are prepared showing expenses as incurred in comparison with 
budget estimates. 

Varying volumes of production affect expense totals, and it is very 
desirable to know the amount of expense which should be incurred with 
varying outputs. With a knowledge of past costs, expenses by depart¬ 
ments for varying outputs may be calculated. Figure 133 shows a depart¬ 
mental cost-volume schedule. 

In a tire plant figures have been worked out for each kind of expense 
and for different outputs, the estimated unit expense changing with every 
fluctuation of 500 tires from normal production. When an output sched¬ 
ule is given to a foreman he is supplied with unit data applying to the 
quantity specified. (See Table 19.) 

Table 19. Form for Foreman’s Budget 


General 


Foremanship 

Inspection 

Labor 

ContinRencies 

Total Cost 

Total Cost 

per tire 

per tire 

I)cr tire 

per tire 

per tire 

per day 

$ .00291 

$ .01123 

$ .01468 • 

$ .00288 

$ .03170 

$ 79.2.S 
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PUnt 61 

Department Sew 

Number 10 

Foreman Jobi 

ACTIVITY INDEX 


DEPARTMENTAL COST-VOLUME SCHEDULE 

(Allowances per operating day 
at varying levels of activity) 

PER CENT CAPACITY 




INDIRECT SO Supcreieion 

LABOR 51 Clerical 

52 Set-us 

10 

1 


53 Maintenance 

54 Repaire - Mnehinee 

55 Mleecllaneous Indirect 



56 Orertime 

67 Third Shift Diff. 

58 Retainer 



60 Machine Down Time 

61 Tree. A (^inllty Xncp. 

63 Call Time 



64 Repaire - Toole A Diee 

65 Wait for Work 

69 Special Departmental 



TOTAL INDIRECT LABOR 



INDIRECT 70 Tool A Die Parte Repl. 
SUPPLIES 71 Supollee 
and 75 Printing A Stationery 
EXPENSE 76 Trarel Kxpente 

91 Repair A Mtoe. Material 

92 Small Toole 




total CONTROLLABLE 0 


general Maintenance A Elect, 

OVERHEAD Tool Roome 

PRORATES Manacement 

Machine A Tool Repair 
total DEPARTMENTAL OVERHEAD 


DIRECT MATERIAL 


GRAND TOTAL OCPENDXTURE 


UNIT COST PER TAPE FOOT 



ndaet Department 





5.90 

5.90 

14.25 

14.25 

5.10 

5.10 

35.54 

39.61 

373.80 

498.50 

435.49 

569.41 

.09790 

.09590 


Figure 133. A Cost-Volume Schedule Which Shows What Expenditures Should 
Be at Various Levels of Production 
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The volume of production planned for each moiith will be influenced 
by the sales schedule, considering benefits to be derived by smoothing 
out the production curve and accumulating stocks against peak demands. 
For example, an automobile manufacturer needs to deliver, in the month 
of April, 12% of the year’s sales volume. To produce this in one month 
would require a capital investment in plant and equipment of nearly 
double the amount necessary to produce the 8.3% necessary on a level 
production basis. Fixed charges would be excessive. The lal)or problem 
would be very difficult, especially in securing skilled workmen. Items 
influencing seasonal operation are style changes, obsolescence, and finan¬ 
cial inability to carry investment involved in warehousing large quantities 
of finished goods. 

Budget figures for production departments are usually expressed in 
units of the various items produced, although in some industries, bulk, 
tonnage, or value figures may measure the output more accurately. 

The Purchasing Department Budget. —As soon as the manufactur¬ 
ing quota is set, and the schedule of production planned, the purchasing 
department may analyze the program in terms of kinds of materials 
needed, quantities, and deliveries required. In large organizations this 
analysis may be made by a materials department or the planning room 
staff of the production department. These data translated into money 
values are made available to the treasurer. With information of the 
volume of work to be handled in this department, the purchasing execu¬ 
tive may prepare an expense budget with accuracy. 

The Personnel Department Budget. —The preparation of the budget 
provides an opportune time for this department to plan its activities and 
expenses, and enables them to be checked and held within reasonable 
limits. These will be discussed in executive committee meetings and 
agreed upon preliminary to the preparation of an expense budget for the 
department. Following the beginning of the budget period a monthly 
report should be required giving the number of employees, and contrasting 
the estimated and actual expenses by activities and per capita. 

Labor needs are indicated by production plans and may be arranged 
for. Seasonal demands require extra help, and when tliese may lie quite 
definitely anticipated a potential reserve of satisfactory labor may be 
built up subject to call. The number of apprentices and those in train¬ 
ing classes will be influenced by future requirements, especially when 
men need to be trained within the plant. 

One of the outstanding advantages of budgeting is in stabilizing pro¬ 
duction and employment. This reacts to the direct benefit of the personnel 
department as the improved morale makes possible the greater effective- 





BUDGETS 


475 


Ch. 27 ] 

ness of its work to increase efficiency and maintain a contented labor 
staff. The department will be helpful to the operating departments in 
supplying data with respect to changes in wage scales and scarcity of 
trained men in various trades due to demands elsewhere. 

Other Auxiliary and Service Department Budgets. —In general the 
setting of production and sales quotas forms a basis for the preparation 
of auxiliary and service department budgets as above outlined and for 
stores, shipping, engineering, power, maintenance, general office, adver¬ 
tising, administrative and other departments. 

The Financial Budget. —The financial budget is not a department 
budget, but a consolidated financial map of the activities of all depart¬ 
ments. It comprises two estimates: one for receipts and one for dis¬ 
bursements. The former provides data of the anticipated income from 
each source for each month. The latter indicates the purpose of expendi¬ 
tures, amounts, and when required. 

The tw’o foregoing cash statements provide the treasurer with a pic¬ 
ture of financial requirements well in advance of actual needs. They give 
him the total figures for income and outgo and enable him to determine 
ndiat gross and net profits are exj)ected to be, and data on needed re¬ 
serves for taxes and dividends. A study of expense figures also aids in 
di.sclosing possible uneconomical uses of working capital. Costs of this 
kind accrue from idle or semi-idle plants, un])alanced or excessive inven¬ 
tories, slow processing, delayed deliveries, slow collections, and the prac¬ 
tice of warehousing customers’ orders gratis. 

The treasurer’s financial analysis of proposed plans will aid the budget 
committee in judging their soundness, and very probably suggest modi¬ 
fications before final adoption. Upon the capital available will depend 
the volume of business which can be handled profitably and safely. Bank 
credit is rather definitely limited, even to successful firms. A minimum 
volume of sales planned for should yield fair returns: to attempt to handle 
a possible maximum volume may introduce risks made apparent by the 
treasurer’s budget, which are preferably not to be incurred. 

Flexible Budgets. —In order to note the effect on profits of various 
sales volumes the flexible budget has been evolved. The Knoeppel Profit- 
graph, Figure 134, illustrates this. For any volume of sales the income 
and resulting profit or loss is shown. What the company needs to do 
to maintain its position is clearly evident. 

Using a chart of this kind the profit possibilities may be analyzed in 
advance. A sales income line is drawn in accordance with estimates. 
Next a vertical line is drawn at the point of estimated sales in per cent 
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of capacity. On this line, downward from the point of intersection with 
the sales income line, is measured the desired or necessary profit. 
Through this latter point is drawn the ‘‘line of total cost.'’ (See chart ) 
Fixed and variable costs are then indicated as shown in the chart. If 
analysis shows that costs as represented by the graphs cannot be realized 
plans may be adjusted before embarking upon the program. With this 
technique profits will be a planned result, not merely a chance result. 

Interest of Firm’s Banker in the Budget. —When negotiating loans, 
the company’s bankers will be interested in the financial chart jiicturing 
the course of business during the period to be covered by advances Bank 
officials may even ask for copies of the financial budget and for the comp¬ 
troller’s periodical reports of actual accomj^hshment. 

Length of Budget Period. —The length of the budget ])etiod will 
depend upon the business, its financing arrangements, and the worth of 
data available for guidance in forecasting 

In lines of business requiring production throughout the year for a 
sales season of short duration, it is necessary to have a budget period 
one year in length. A general rule is that tne budget must cover a com¬ 
plete cycle of operations—production, selling, and collection. Where 
there are well-defined seasons, as in the garment industry, the budget 
may logically be for a shorter period to correspond. Uncertain market 
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conditions suggest short budget periods with frequent opportunity to 
adjust plans. For example, an auto accessory /manufacturing company 
prepares a budget on a quarterly basis. In businesses where the turn¬ 
over is quick and the volume fairly stable, the budget period may be one 
month in duration. 

Some companies prepare a tentative budget for a fairly long period 
such as a year, with definite, detailed budgets for a shorter period. This 
idea may be combined with the plan of adding a future month to the 
schedule as each month goes by. 

In contracting and similar activities, budgets should be for the time 
required to complete the project. Financial arrangements obviously 
need to extend over the construction period, as the company’s investment 
increases until completion and acceptance of the project. Definite sched¬ 
ules of progress, including money to be received on account as well as 
anticipated expenditures, may profitably be made for intervening periods. 
These will provide a check on progress, costs, and estimated profits, and 
likewise call attention to leaks and wasteful expenditures. 

Banks favor budgets on a basis of the industry’s business cycle, realiz¬ 
ing that with one complete turn of the business wheel, i.e., manufacturing, 
selling and collection, a company should be in a position to ‘‘clean up” its 
bank paper. Bank loans are not intended to supply working capital 
needed permanently in the business. 

Budgets Are Adjustable.—An organization is not committed to an 
accepted budget program for the length of period designated. Budgets 
are merely plans for action in accordance with conditions as they are 
expected to be. If conditions change, or the wisdom of following the 
plans made is for any other reason questionable, executive action should 
modify them as seems best. This suggested action is no different from 
what would actually take place without a budget. 

As activities progress for which expenditures are budgeted, expenses 
are necessarily paid. Variations from the anticipated amounts of ex¬ 
penditure simply provide a basis for inquiry and any necessary adjust¬ 
ment. Control is thus assured. Those responsible for expenditures are 
not relieved of responsibility when the extent of budgeted activities is 
changed, for expense figures may be adjusted accordingly. 

Scope of Budgeting.—There are few limitations to the application of 
the budget idea in business. Budgets may be made applying to all de¬ 
partments and all details of a business. Time studies budget the use of 
machines and labor time, and depreciation allowances are a form of 
budgeting. Successful application of the idea may be made in connection 
with (1) waste, (2) supplies, (31 maintenance, (4) labor turnover, 
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(5) “seconds/’ or defective product, ( 6 ) departmental schedules of pro¬ 
duction, and (7) indirect labor expense. A tire company reports success 
in reducing costs for these items as follows: 


Reduction 
Per Cent 


Waste . 25 

Supplies . 10 

Maintenance . 25 

“Seconds” . 30 

Repairs on product. 50 

Indirect labor expense. 40 

Labor turnover (per month). 15 


An automobile company by an intensive study set standards for non¬ 
productive labor, scrap, supplies, etc. Superintendents readily achieved 
the goal set and further decreased the ratio of non-productive to produc¬ 
tive workers. Scrap loss per car was cut over 50%. This general pro¬ 
gram was largely instrumental in effecting a saving of $3,500,000 in nine 
months. 


Limitations of the Budget.—A budget is an instrument for the use 
of management. It is not management, nor is it any better than the 
judgment of the executives who contrive it. It should not j)rove a hin¬ 
drance to the exercise of individual initiative, but an aid in exercising 
control after tlie formulation of a formal policy and program. Those in 
authority should realize that unexpected developments call for readjust¬ 
ment of plans, and since the future is too vast and too changeable to be 
measured with exactness there should be arni)le opportunity for and 
expectation of revision as the need arises. With practice in budgeting 
this need will jjrobably diminish. Business cannot be mechanized by any 
device, nor can anything be substituted for tlie thinking, reasoning mind 
of the executive. 

Cost of the Budget.—The cost of budgets is small. Forecasts must 
be made and work planned in any event. For this reason some corpora¬ 
tions do not permit departmental expense in making up budgets. A pack¬ 
ing company with annual sales of $900,000,000 has only six or seven 
people in the budget department. Forecasting business conditions does 
entail the preparation of statistical data, charts, and business information, 
but in the aggregate the added expense for doing this is small. Plans 
properly made prevent confusion later and expedite performance. 

Results of Budgeting.—The results of budgeting demonstrate its 
value in forecasting business accurately, indicating leaks, and reducing 
costs. 
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The Fairbanks Company reports that in the first three months of the 
year the manufacturing costs exceeded the budget allowance by only 
2.18%. This was during a period of unsettled business conditions. A 
company manufacturing building equipment produced to customers' 
specifications, has been able to forecast its sales over a period of ten 
years with an accuracy of 85%. For the last two years they have been 
able to obtain 95% accuracy. Canada Dry Ginger Ale, Inc., has 
found that with their cost accounting methods it has been possible to 
estimate production costs with a variation of considerably less than 1/10 
of 1%. 

Eli Lilly & Company in establishing sales quotas finds that actual sales 
vary from the estimates within one or two per cent each year. The 
Andrews Steel Company, Newport, Kentucky, has employed a plant 
and maintenance budget for several years. Through the use of this 
budget the firm has succeeded in reducing labor, material and overhead 
costs from 7% to 12% below the budget allowance by improving the 
operating efficiency of their departments. Budgets increase in effective¬ 
ness each year, and estimates are more accurately made. Budgeting of 
overhead expenses in manufacturing has brought about 30% reduc¬ 
tion. 



Figure 135. Effect of Budgetary Control upon Inventories 
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Carey E. Tharp says: “Production forecasts (annual) within 10% of 
accuracy are readily possible in the textile industry/' Other authorities 
skilled in budget making consider 5% sufficient allowance for error in 
monthly estimates of sales, expenses, or profits, if they are not to bring 
discredit upon those who compile them. 

Figure 135 shows the results of budgeting as applied to control of 
inventories. The steady increase in effectiveness resulting from experi¬ 
ence is also indicated clearly. 

Accomplishment Without a Budget.—A large manufacturer in the 
tractor and equipment field does not use the orthodox budget procedure. 
Forms with estimated expenditures for various purposes are used to 
establish production standards, and all parts made are analyzed in detail 
as to material, labor, and overhead costs. Standards are set from these 
data. Those responsible for production activities proceed to get results 
as effectively as possible, knowing that costs incurred will be analyzed 
and evaluated by the cost department. From time to time individuals 
are advised of the effectiveness of their accomplishment, and ways and 
means of bettering the situation discussed. This simplified procedure 
works in this instance. 



CHAPTER 28 


PURCHASING 

The Purchasing Function.—Industry pays out for materials of 
manufacture over 50^ of each dollar it receives, on an average. It has 
been estimated that gross sales must be increased $10 to compensate for 
each dollar of waste in purchasing.^ Purchasing effectiveness also in¬ 
fluences the cost of manufacturing and satisfaction to customers. In 
some industrial lines where production costs vary but little among pro¬ 
ducers, profits are dependent largely upon successful purchasing. 

The objectives of good purchasing are: (1) to purchase the required 
quantities and qualities of necessary materials; (2) to secure deliveries 
of materials as needed; and (3) to purchase at the lowest total 
cost, consistent with obtaining the required quality and satisfactory 
service. 

Centralization of Purchasing.—Purchasing may be done by each 
department taking care of its own needs or by a centralized purchasing 
department doing the buying for all departments of the company. The 
centralized purchasing department capably operated should be best able 
to keep in touch with the needs of different individuals, the market con¬ 
ditions, the available vendors, shipping conditions, and all other things 
which should be known if purchasing is to be performed most advan¬ 
tageously. Some of the advantages of centralized purchasing are sum¬ 
marized as follows: 

1. A skilled purchaser may be placed in charge. 

(a) He devotes full time to the business of buying. 

(b) He keeps informed on market trends and up-to-date pur¬ 

chasing methods. 

(c) He substitutes scientific methods of market analysis for 

mere guesswork. 

(d) Careless order placing by novices in the art of buying is 

eliminated. 

2. Responsibility for results is fixed and an opportunity afforded to 

check results. 


* “Purchasing,” by E. T. Gushee and F. A. Compton, Handbook of Business Admin- 
istration, Sec. 3, Ch. 12. 
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3. Savings are effected in time, efforts, and cost of operation over 

separate departmental agencies. 

4. Greater competition, better prices, and more prompt deliveries 

are secured on larger orders representing the aggregate needs 
of the entire organization. 

5. Efforts toward simplification and standardization : 

(a) Reduce inventories and unnecessary variety in stocks. 

(b) Permit the application of effective tests to determine 

quality. 

(c) Lead to equipment standardization. 

(d) Stimulate the marketing of better materials in greater vol¬ 

ume at lower prices. 

6 . Central supervision over: 

(a) Disposal of surplus stock by transfer between depart¬ 

ments, or by sales. 

(b) Storage and distribution of production commodities. 

(c) Checking deliveries and adequate inspection. 

7. Better fiscal supervision over expenditures by close cooperation 

between finance and purchasing departments. 

(a) Cash discounts saved by prompt approval and payment 

of invoices. 

(b) Duplicate payments eliminated by double check on in¬ 

voices. 

(c) Profits increased through orders in advance of need on 

favorable markets when finances will permit. 

8 . Time and amount of purchases regulated by advance sales fore¬ 

casts, by information of stock on hand in raw materials and 
finished products, and by knowledge of market trends. 

9. Uniform buying policies and vendor relationships may be estab¬ 

lished and maintained. 

It will continue to be true that in many small concerns producing only 
a few simple or standard products adequate purchasing talent and in¬ 
telligence will be found among department heads and officials, men w^ho 
can exercise this function without detracting from their value in other 
capacities. Centralized control and approval of orders placed may be 
all that is justified or desirable in these instances. 

Place of the Purchasing Department in the Organization.—Just 
where in the organization the responsibility for purchasing should be 
placed is a problem with varying answers. In a few industries purchas¬ 
ing and selling are closely related. This is true when the time interval 
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between these functions is short, the manufacturing operations of a 
minor nature, or the chief value of the product is in the purchased mate¬ 
rial. Examples are the mercerizing of yarn, flour milling, and certain 
branches of the garment industry making highly styled goods. 

In some lines, such as the cotton goods trade, production costs are 
much the same for competitive plants, and profits are largely dependent 
upon prices paid for raw materials. Buying of a speculative nature 
which is necessary in certain industries, because of the rapid movements 
of their raw material markets coupled with a high ratio of raw material 
costs to total costs, should be under the control of a major executive who 
is in a position not only to know market conditions, but also to be thor¬ 
oughly familiar with the financial policy and program of the firm. 
Price protection by hedging operations in the open market is sometimes 
possible as in the case of raw rubber and many imported products.- 

Such purchases greatly influence profits, necessitate large money out¬ 
lays, yet may occur so infrequently as not to be burdensome as a matter 
of routine. A company treasurer might well handle such speculative 
buying. 

In very large organizations purchasing is usually administered by a 
vice president, so important is the work considered and so great are the 
possibilities for .saving and the exercise of business judgment and in¬ 
genuity. In .smaller concerns the purchasing department frequently is 
subordinate to the general manager and on the same level as the superin¬ 
tendent of production, the personnel manager, comptroller, and sales 
executive. 

Several manufacturing companies, particularly those of a small or 
medium size, centralize the purchasing function, but place it under the 
control of one of the major departments, such as manufacturing. Most 
purchases are of raw materials, parts and supplies used in plant oper¬ 
ations, so there is a valid reason for centralizing all purchasing in the 
manufacturing department. Similarly, when the engineering department 
draws up detailed specifications for products obtained from the outside, 
it may be considered wise to give that department charge of all pur¬ 
chasing. 


^ Explanation of hedging operations. A flour milling company buys large quantities 
of wheat during the harvest season to assure itself of supplies throughout the year. Its 
margin of profit is the difference between the price paid for the wheat and the price at 
which it resells its products, less operating expenses. 

When a milling company buys wheat during the harvest period it sells short a 
corresponding amount of wheat in the future market (agrees to deliver wheat at a 
future date). As it uses up its inventory and sells its products the wheat sold in the 
futures market is ‘'bought in.” The future market operation involves no actual transfer 
of grain but provides price protection. If wheat rises in price after the milling company 
has made its hedge, it loses money on the future transaction but makes it up through 
an increase in the value of inventory. 
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The weakness of a buying division subordinate to the manufacturing 
department lies in the tendency to make purchasing a routine matter of 
placing orders with customary sources. Emphasis is placed upon pro¬ 
duction requirements. If placed subordinate to the stores department, 
investment in stocks is likely to be stressed unduly ; if undei the engineer¬ 
ing department, quality may be overemphasized. When the department 
functions independently these factors are more likely to be kept in proper 
balance, and the possibilities for saving inherent in specifications, stand¬ 
ard tests, competition, substitution of materials, opportune buying, dis¬ 
counts and buying skill, fully realized. 

Qualifications of the Purchasing Executives.—Tlie purchasing 
executive must deal with the keen minds of highly trained and successful 
selling organizations, and must be capable of analyzing and judging 
proposals and representations made to him. Moreover, where the seller 
must know one or a few products expertly the buyer must have an inti¬ 
mate understanding of many. He should, therefore, be a broad-gauge 
individual possessed of training in economics and world affairs, a knowl¬ 
edge of materials, preferably experienced in production, and with skill 
in commercial matters. These characteristics may profitably be combined 
with a special aptitude for purchasing and a pleasing personality. In 
order to predict business trends and market fluctuations with a fair degree 
of certainty, he must understand the underlying economic and social 
forces bringing them about. 

Not the least of the qualifications of the purchasing representative 
is his knowledge of sources of supply and vendor concerns. Promises by 
firms without ability to fulfill them, or without a record of responsibility 
are hazards to be avoided. 

Purchasing Authority and Policies.—Purchasing activity cannot be 
standardized, nor can any hard-and-fast rules be laid down which will 
regulate purchasing authority and procedure successfully. More than any 
other, the purchasing department must merge into and become an inti¬ 
mate part of the plant as a whole, and in turn receive from other execu¬ 
tives the benefit of their specialized intelligence and judgment, and whole¬ 
hearted cooperation. Buying is not a one-man proposition, it is the result 
of group thought and action. As the purchasing executive does not 
initiate the company’s business, and as the department is purely a service 
department, its activities must be circumscribed by at least general 
policies, and its authority controlled. 

Limitations on Purchasing Authority.—purchasing department 
may not have greater authority than to buy in accordance with requi- 
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sitions submitted to it. A purchasing agent can, however, question the 
need, the quantity, the suitability of any article .requisitioned, or make 
suggestions concerning specifications which appear unduly limiting. If 
a using department places a properly authorized requisition for a par¬ 
ticular standard, and insists on it, then the purchasing agent must procure 
it under the best terms he can. On the other hand, the purchasing agent 
may be given responsibility for the stores department, control of inven¬ 
tories, and determination of when and how much to purchase. There 
are some advantages of this latter arrangement which will be discussed 
under the subject of stores control. Usually, however, the departments 
are administered separately, with the stores department under the juris¬ 
diction of the production superintendent, but with the purchasing execu¬ 
tive possessing more or less responsibility for the quantity of stock car¬ 
ried. Even with limited authority, the buyer will be permitted to vary 
quantities of commonly used articles which are requisitioned, if desir¬ 
able to do so in view of freight rates, dealers’ discounts or standard lot 
quantities. Some firms require executive approval of all orders placed 
which exceed a stipulated sum. This permits the carrying on of routine 
operations unhindered, but provides a check on important transactions. 


Administration of the Purchasing Department.—In the adminis¬ 
tration of a purchasing department, the executive will endeavor to pay 
the lowest average price for materials, utilize a minimum amount of 
capital, obtain the maximum turnover of stocks, keep inventories ad¬ 
justed to seasonal fluctuations and business activity, maintain uniformity 
of product, and secure regular deliveries from dependable sources of 
supply. He will be keenly alert to possibilities for manufacturing progress 
as disclosed by offerings of new materials, tools, and equipments. These 
aims necessitate a continual study of plant operation, materials, markets, 
and business conditions generally. There must be cooperation with the 
persons drawing up specifications and issuing requisitions. A favorable 
reputation and friendly relations with reputable vendors and their sales¬ 
men are essential. A proper system of paper work and an adequate file 
of records and data as a basis for purchasing judgment need to be in¬ 
stalled. The purchasing agent must have intimate knowledge of his firm’s 
finances. It will stand him in stead to watch sales activities closely and 
to anticipate the success of sales campaigns, in order to keep the indus¬ 
trial bark on an even keel with respect to inventories. Above all, he must 
recognize that a keen intelligence is a desirable supplement to any estab¬ 
lished procedure or routine system of budget allowances, no matter how 
carefully worked out in advance, for the winds of commerce change 
quickly in intensity and direction. 
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Purchasing Information.—The purchasing executive will seek to 
build up a volume of data and information designed to increase the buy¬ 
ing effectiveness of the department. This material takes the form of 
sources of supply records, quotation files, and catalogs indexed both with 
regard to firm name and products. Purchase records are usually main¬ 
tained, covering all major items which show dates of purchases, quan¬ 
tities, prices paid, current market quotations, and names of vendors. 
Charts with graphs show market trends and prices paid over a period of 
years, and these are of increased value when accompanied by notations 
depicting the reasons for the variations which occur. Information files 
accumulate pertinent and helpful information with respect to each item, 
and provide a repository other than the buyer’s mind for such data. 
Reference to it before placing an order aids in formulating specifications 
attractive to vendors, avoiding difficulties previously experienced in 
obtaining satisfactory deliveries, and m placing orders at opportune times. 
Some firms keep a card record of the personnel, manufacturing facilities, 
service, and peculiarities of vendor concerns. Promises may then be 
checked against ability to perform and a past record of business relation¬ 
ships and accomplishment. 

Bureaus, such as Babson’s Statistical Organization and the Harvard 
Business Bureau, analyze price and market trends of important com¬ 
modities, provide current facts about general business conditions, and 
forecast trade activities in various lines. This is readily supplemented 
with surveys made by many business, credit, and professional magazines, 
banks and commercial houses. Data of this character will serve as a 
general guide, but the purchasing executive must correlate them with 
enough facts about his own business to give him a proper basis for 
judgment in formulating buying policies for each commodity. 

Personal contact with other buyers at local and national meetings 
provides for the interchange of buying information and is of distinct 
educational value. The Purchasing Agent, periodical of the National 
Association of Purchasing Agents, is devoted to the interests of those 
who buy, and is distinctly educational. 

Visiting Sellers’ Plants.—It is becoming the custom to an increasing 
extent for buyers to visit the plants of important vendors. In this way 
first-hand information is gained of products, methods of production and 
costs; also data as to the size and resources of firms, their equipment, 
methods, and personnel, all of which is valuable in judging abilities to 
make delivery and maintain quality. The acquaintanceships and even 
friendships formed add the personal touch which makes correspondence 
more effective and expedites shipments. 
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Knowledge of the material in use is no less important than knowledge 
of its production, and for this reason representatives of the purchasing 
department should be in the plant in touch with processes, foremen, and 
workmen for information. More may be learned in this way in a day 
of the characteristics and peculiarities of materials, than in the office in 
a week. 


Budget or Schedule Control of Purchasing.—Manufacturing 
budgets or approved schedules may indicate very definitely what mate¬ 
rials are required and when deliveries will need to be made. A graphic 
purchase schedule for a single item is shown in Figure 136. Sales records 
offer a check on the program as carried out, and an opportunity to vary 
the purchasing program to tit the actual situation. In such instances the 
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Figure 136, A Graphic Purchasing Schedule 


purchasing executive should have authority to provide for needs accord¬ 
ing to seasonal or budget requirements. One large manufacturer re¬ 
ceives his production schedule, covering a half-year period, six months 
in advance of the date actual manufacturing is to begin. This, when 
analyzed, supplies complete purchasing information. An automobile 
accessory company budgets its output on a quarterly basis. An automo¬ 
bile manufacturer watches the material markets and as favorable buying 
times present themselves, anticipates needs, and places orders accord¬ 
ingly. The plan necessitates executive cooperation with the purchasing 
department in establishing production quotas. How buying of a com¬ 
modity may coordinate with favorable market prices is illustrated by 
Figure 137. 
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Figure 137. A Purchase Chart 

(Prepared by the purchase engineering division of the general purchasing department, Western 

Electric Co.) 


Buying in accordance with budget or schedule needs may preclude 
to an extent following price trends, but it should mean not higher than 
average costs. In the estimation of some large companies this is accept¬ 
able, and all that can reasonably be expected in any event. Profits are 
then made on manufacturing and not on buying. 

Control of Inventories.—As a guide to purchasing and as a check on 
inventories it is customary for some stores departments to keep stock 
cards for each item with maximum and minimum quantities indicated 
thereon. These are based on normal use and when stock reaches the 
minimum quantity set, the stores department has authority to initiate 
a requisition for a predetermined additional quantity. The purchasing 
department should consider such requisitions day by day in the light of 
business conditions in order to control inventories within reasonable 
limits. Inventories have been known to get out-of-hand as much as 100% 
with serious value losses without this added human control. In times of 
slow business they may be reduced as much as 50% with consequent 
savings. 

The time interval necessary to replenish the stock controls the reorder 
point, assuming normal use. In establishing maximum quantities there 
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must be considered such items as investment, storage requirements, 
interest and handling charges, deterioration, obsolescence, uniformity of 
deliveries, dependability of source, and interruption due to transporta¬ 
tion difficulties, strikes, etc. Even when thoroughly prepared, however, 
such formulas serve only as a valuable guide to specific purchasing 
policies. Variations in business are to be expected, and inventories should 
fluctuate within reasonable limits according to the particular situation. 

Hand-to-Mouth and Speculative Buying.—The practice of buying 
in small amounts more frequently is justified when prices are high and 
business is uncertain. It does reduce inventories and lessens storage 
needs. In many cases the disadvantages are greater than the advantages. 
Purchasing, selling, delivery, and handling costs are increased and unit 
prices are higher. Delays in production are more likely to occur. When 
the buyer believes the market is right for placing future orders, he 
should have authority to cover requirements, especially when purchasing 
is dependent upon market conditions and cannot be done profitably on a 
systematic budget plan. Contracts placed may usually be safeguarded by 
incorporating clauses which give the buyer the benefit of price declines. 
Buying in excess of requirements for known production schedules or 
normal periods verges into speculation and will seldom be authorized. 

Some commodities are largely dependent upon weather conditions 
and are marketed seasonally; others are imported perhaps at irregular 
intervals. In both cases purchase and storage are necessary, but hedging 
in the open market should be accomplished when opportunity offers, to 
prevent loss due to price changes and to assure normal manufacturing 
profits. The elimination of speculative buying does not mean, however, 
that market trends should not be studied and followed, because that is 
exactly what should be done. Buying times should be regulated as far as 
possible in accordance with general price trends. 


Purchasing Capital Items.—^The buying of capital items such as 
machinery, equipment, land, and buildings will normally be handled by 
major executives, or subject to their immediate control, for decisions with 
respect to these items usually involve matters of firm policy rather than 
immediate operation requirements. When authorized to purchase ma¬ 
chinery items, the buyer may well look to “those who know’’ for a deci¬ 
sion as to what to buy. The production superintendent and works 
engineer will probably interview sales engineers and inspect other installa¬ 
tions, supplementing their own knowledge and experience. The actual 
ordering is done by the purchasing department, but the information con¬ 
tained on the purchase requisition as to vendor, style of product, and 
model number is adhered to strictly. 
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Technical Aids to Purchasing.—However much the purchasing 
executive may accomplish, there seem to be three things which he cannot 
hope to do if he is to have sufficient time for the other phases of his 
duties. These are: (1) to discuss intelligently the highly specialized and 
technical lines; (2) to conduct and follow in detail, tests of materials; 
(3) to know the details of the service rendered by materials and ma¬ 
chines, and their comparative values. The careful buyer will utilize the 
services of the inspection engineer, metallurgist or cliemist, or other de¬ 
partment heads, as they can contribute to his competency. If not available 
within his concern, he can make use of commercial research and testing 
laboratories. Cooperation of this kind usually shapes itself into buying 
specifications, or in reports of material tests. 

Purchasing by Specification.—Specifications aid in obtaining the 
right combination of qualities or properties in materials desired, and are 
valuable in bringing about a reduction in variety of items purchased, 
reducing inventories, interpreting requirements definitely and alike to 
all vendors, facilitating deliveries, simplifying operation, increasing tecli- 
nical knowledge of materials, decreasing costs and assuring uniformity 
of quality. 

Without an analysis of requirements leading to the formulation of 
specifications, there tend to be purchased a large number of items of the 
.same general character differing in nonessential characteristics. 

Larger orders of fewer items tend to standardize production for 
vendors, and this is reflected in lowered prices and more prompt shij)- 
ments; standard articles are more available than special products and will 
likely be carried in stock. Specifications make quotations comparative 
and protect the purchaser from misrepresentation by the possibility of 
applying accepted standard tests. The greater uniformity of materials 
resulting from specifications enables the designer to utilize them more 
effectively and assures dealer and customer satisfaction. Formerly the 
claim of unusual quality was supported by the statement that “we pay 
high prices for the best materials.’' Specifications enable the user to 
secure the material most suitable, and it frequently is the case that lower 
grades at less cost are equally adapted to the need. Quality and price 
are important only as they determine relative efficiency. 

Portland cement and structural steel offer good examples of the bene¬ 
fits which accrue when widely used articles are manufactured in accord¬ 
ance with standard specifications. They permit uniform engineering 
design and building construction, and assure standard, dependal)le results 
to be foretold by simple and well-known tests and practices. These prod¬ 
ucts also emphasize that stain lard specification materials are usually made 
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\xi large quantities at low unit costs, are offered by more producers, and 
enjoy a wider market range than special ones. ' 

To the fullest extent possible the purchasing executive.should become 
expert in his field. Specifications prepared by specialists should be edited 
by purchasing executives to fit them to commercial practice and market¬ 
ing customs, and this can be done without lessening the value of the mate¬ 
rials in use. Specifications needlessly technical and unnecessarily dis¬ 
criminating add to cost. They may very logically be reviewed by selling 
firms, who will frequently suggest changes which lower production costs, 
or permit the supplying of commercial grades in lieu of special. A single 
specification oftentimes gives buying control of a large variety of .shapes 
and sizes of a product, as in steel shapes, thus decreasing the burden and 
the expense of their preparation. 

In buying well-known commercial grades and sizes of commodities, 
specifications may be unnecessary. Helpful, too, in eliminating the need 
of specifications, is the practice of trade associations in setting up quality 
standards which are adhered to by its members. 

Specifications have largely eliminated personal salesmanship in the 
buying of raw materials and the sales value of trade mark “autographs’" 
on many manufactured items, except with the “unknowing” ones. This 
is not so true of articles of equipment or of machinery. The performance 
type of specification is meeting with favor. Performance, or value in use 
of manufacturing facilities or tools, is not necessarily measurable by 
standards of design, properties of materials used, or methods of manu^ 
facture; rather, uniqueness in any one or more of these particulars prO' 
vides the value-giving cliaracteristics. Output, operating costs, overhead, 
and flexibility in use are the cost-determining elements, and are nol 
readily covered by specifications. Performance is invariably the test oi 
value. Where possible this should be the requirement specified rather 
than quality, characteristics of materials, or manner of manufacture. 


Organization of the Purchasing Department.—The organization of 
a purchasing department will depend upon the nature of the business and 
its size. A single executive with one assistant for clerk and stenographer 
will suffice in some instances; in others the department may necessitate a 
personnel of a .score or more variously trained and qualified individuals. 
The functions to be performed are the same wliether the department is 
small or large, varying only in extent and importance, and in the expert¬ 
ness with which they are administered. 


The Purchase Requisition.—Since the purchasing department is 
strictly a functional department performing services for others in procur¬ 
ing materials, equipment, and supplies, it does not originate orders on 
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its own account unless they are of a routine nature. Information on the 
need for material, including type, quantity, and the time it is desired, is 
furnished by the department concerned. All this is set forth on the pur¬ 
chase requisition, an important document in purchasing procedure. (See 
Figure 138.) As its name implies this is a request for the purchasing 
department to take action, but since it is an internal form no real com¬ 
mitment has yet taken place. It is scrutinized by the purchasing depart- 



Figure 138. A Purchase Requisition 


ment to see that sufficient information is given and that the request has 
been authorized by the proper persons. If everything is found in order, 
and the purchasing department sees no reason to make any changes, it is 
then prepared to do the following things: (1) ask for quotations, (2) 
place an order, (3) follow up and secure deliveries, and (4) check and 
approve the vendor’s invoice after the goods are received and inspected. 

The Purchase Order.—The purchase order constitutes an agreement 
to purchase; hence it should be carefully drawn and approved by an 
attorney. It should designate the quantity of materials wanted, specify 
definitely requirements, delivery dates, price and discount terms, pur¬ 
chase order number, and provide any additional information for stipula¬ 
tions important to the purchaser. Figure 139 shows a purchase order 
form which is carefully drawn in this respect. Some firms make the com¬ 
pletion of the purchase contract dependent upon the prompt acknowledg- 
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ment of receipt of the purchase order and enclose a postal card or form 
for this purpose. Return of this form also supplies a promised date for 
delivery and the proposed routing of this shipment. 

Figure 140 shows the report of material received which is sent to the 
purchasing department by the receiving clerk when the goods arrive at 
the plant. This is compared with the copy of the purchase order retained 
in the department files to make sure the two agree in amount and type 
of goods. 

Receiving Salesmen.—Salesmen may reasonably be expected to know 
their products thoroughly. Usually they are prepared to be specific as to 
the use the prospective customer can make of their products and the 
benefits which will accrue. If received without undue delay and treated 
courteously, they are naturally glad to be of assistance to a buyer. If 
desirable, arrangements may readily be made for contact of vendor’s 
representatives with production, technical or other executives. This prac¬ 
tice aids key men in a plant to keep abreast of new ideas, materials, etc. 

Influence of Price in Placing Orders.—Price is but one element in 
buying, and tliis fact should be recognized. The .salesman must offer 
superior quality or more attractive prices, and when he approaches a 
satisfied user of a competing product, a low price is often likely to be his 
inducement to purchase. A price buyer demoralizes quality by starting a 
vicious circle of quality shading in order to offer a price advantage. The 
careful buyer will appreciate quality and service in relation to price and 
not be attracted, by price alone, to a new and perhaps not dependable 
source. Price avails little if deliveries are not up to standard or sample, 
or according to schedule. Manufacturing operations may be disrupted at 
a serious cost. Thus the dependable vendor may save the purchaser a 
price differential many times over. 

The reasons for low price quotations will l)e studied carefully. Bad 
selling and unfair competition are detrimental to all concerned. 

“One of the greatest problems of the purchasing agent today is bad 
selling, particularly selling by those willing to sacrifice profit and, at 
times, even sell below cost in order to get the business away from a com¬ 
petitor, with the hope that they will be able, later, to retain the business 
at higher prices. This practice is often detrimental to the industry and 
places upon the purchaser a burden which he should not have to carry. 
We are continually on the lookout for unfair competition and, to the best 
of our ability endeavor to avoid it.” ^ 


® “Purchasing Policies of the Western Electric Company," by J. W. Bancker, Vice 
President. From a paper delivered before a group of engineering teachers at the Haw¬ 
thorne Works of the Western Electric Company, Chicago. 
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Legality of Contracts.—There should be no uncertainty in the minds 
of either the buyer or seller as to the terms of a contract in all particulars. 
It should be consummated in legal form and be binding upon both parties. 
However, the legality of a contract is usually relatively unimportant. 
Reliance for satisfactory fulfillment is not to be placed in mere legality of 
agreement, but in reputable firms whose actions are governed by ethical 
considerations. Penalties or damages exacted from irresponsible sellers 
by process of law will not satisfy disgruntled customers, nor in most cases 
will they even reimburse a firm for the added expense occasioned by 
placing orders elsewhere. To take advantage of a seller by legal means 
or otherwise is a mistake; shrewdness and sharp practice in buying are 
obsolete and unprofitable. Mutual advantages and friendly cooperation 
gain speedy action, assure satisfactory dealing and future friendliness, 
and should be at the basis of all commercial dealing. 

Reciprocity in Purchasing.—It has frequently been customary in the 
past, particularly in certain lines, to favor the product of one company 
over others because that company happens to be an influential customer. 
This is referred to as reciprocity in purchasing because each company 
lielps the other in a complimentary manner. Where no more than a 
friendly relationship exists and both buying and selling are done on a 
strictly business basis no harm is done by this practice. 

On the other hand, to require the purchasing department to place an 
order on any other basis than price, quality, and service is to hinder its 
efforts to effect low costs. Unfortunately this has often been the case 
when reciprocity is demanded. Profits are diminished and sales advan¬ 
tages largely discounted when a premium must be paid for goods pur¬ 
chased. Competing firms, once suspecting that particular firms are 
favored, often refrain from making attractive offers and even from quot¬ 
ing prices. This is demoralizing to good buying. Happily the practice 
of unduly favoring vendors who are customers is being largely discon¬ 
tinued. The policy followed by most purchasing departments is that 
while judgment and tact must be used in the matter, such firms are 
entitled to business only on an equal basis. 



CHAPTER 29 


QUALITY CONTROL 

Significance of Quality.—Ultimately, the type and degree of quality, 
the standards set up to maintain it, the technique of inspection, and 
finally, the manufacturing process itself are functions of the use to which 
the product will be put. In a great many instances the user of the product 
will be the public, in others the user will be another manufacturer. In 
either case the purpose to which the user will put the product is the final 
arbiter of quality. Before any inspection is possible it is, thus, necessary 
to know as exactly as possible the use for the product. Most manufactur¬ 
ing organizations place upon the sales department the responsibility for 
obtaining this information and making it available to the design, produc¬ 
tion and inspection departments. The use to which an article is put is 
constantly changing, and only the corps of salesmen who are actually 
upon the scene of use can keep pace with this change. The suggestions 
and recommendations of the consumer go a long way toward establishing 
the degree and type of quality maintained. It is true, of course, that this 
is not a one-way affair. The manufacturer looks to the consumer for 
information concerning uses, but at the same time he suggests different 
uses and seeks to educate the consumer to a higher quality level. This is 
a result of competition for markets. 

Inspection, Design, and Manufacture.—The inspection of a product 
to maintain quality is only a part of a complex picture. In order to pro¬ 
duce an article which will fulfill the use to which the consumer will put 
it, it is necessary first to have an accurate design. Unless the article is 
designed for the use to which it will be put it is obvious that it will not be 
satisfactory. In addition, however, the design should embody the toler¬ 
ances requisite to satisfactory use. These tolerances provide the standard 
of accomplishment which it is the responsibility and function of the manu¬ 
facturing department to carry out. If the manufacturing department 
could operate perfectly no inspection would be necessary. The purpose 
of inspection, however, is not merely the rejection of bad work. The 
purpose of inspection is to provide the consumer with a satisfactory prod¬ 
uct, and to this end the inspection department should furnish the manu¬ 
facturing department with an up-to-date index of its quality level. If this 
is done on the basis of the most advanced techniques the manufacturing 
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department will be able to correct deviations before its quality level falls 
below the design standards. To fulfill its functipn of controlling quality 
rather than rejecting bad parts the inspection department must make use 
of highly scientific equipment and the recent advances in statistical 
sampling. 

Examples of such equipment are electron thickness gauges, contour 
projectors, electric stress gauges, and the X-ray. The use of statistical 
analysis in inspection procedure makes possible the determination of the 
quality level intrinsic in the manufacturing process, thereafter it insures 
with much greater accuracy than random sampling, that this quality level 
is maintained. Any deviation from the predetermined level shows up at 
once, even deviations which are not outside the design tolerances but 
which indicate the beginning of trouble. Statistical inspection provides a 
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Figure 141. Statistical Variation in Quality 


dynamic reading of the manufacturing process and aids in the diagnosis 
and remedy of defects arising from this process. It is no longer neces¬ 
sary to wait until bad articles have been made to discover that the manu¬ 
facturing line has developed a fault. Figure 141 shows an example of 
deviation which was clearly evident before bad articles were produced. 

In this figure which may be regarded as representing the analysis of a 
blanking operation, the quality level intrinsic to the process is determined 
by measuring a number of samples, averaging and figuring the statistical 
limits. If these limits fall within the design limits, and the calculations 
satisfy certain mathematical criteria, production can begin.' Additional 
samples of a number which can be mathematically determined are taken 
at intervals, here twice a day, measured, averaged, and plotted on the 
graph. As early as the fifth day it is evident that there is a trend toward 

^ Kconomic Control of Quality of Manufactured Product, by W. A. Shewhart. 



INDUSTRIAL MANAGEMENT 


[Ch. 29 


498 

increased size in the blanks. The fourteenth day is indicated by the graph 
as suitable for checking the blanking set-up, as the tests falling beyond 
the statistical limits of the manufacturing quality level indicate a loss of 
manufacturing control. Knowing the engineering of blanking, it is pos¬ 
sible to predict from the graph that the die is wearing and producing 
inaccurate work. 

Responsibility of Inspection Department.—The inspection division 
inspects raw materials, parts in process, assemblies, and finished goods. 
The raw materials may be such things as pig iron, corn, or felled trees; 
or they may he the results of intricate manufacturing processes such as 
magnetos, thread, or lenses. In this work inspection insures that the 
quality level of manufacturing is not lowered at the start by poor mate¬ 
rial. Very often this initial ins]>ection is done in laboratories. The in¬ 
spection of ])arts and assemblies is usually clone along the line of manu¬ 
facture, either by removing the parts from the line or by routing them 
through a special inspection division. Inspection of the finished products 
is often carried out by subjecting them to actual or accelerated use tests. 
In additicjn to these duties the in.spection division is often responsible for 
the maintenance of its own standards and all standards in use in the 
plant. This includes checking all measuring instruments such as microm¬ 
eters, gauge blocks, color samples. In large plants each department may 
be responsible for checking its own tools and equipment, while the inspec¬ 
tion department checks only the standards used in this process. If the 
inspection department is to fulfill its part in the whole organization the 
knowledge it gains must be presented in such form as to improve manu¬ 
facturing control, sugge.st better product designs, as well as better de.signs 
of machines, tools, and fixtures. Inspection should not end with the 
statement that a lot is bad, but should provide the means for ascertaining 
the cause of the defect. Statistical control of quality makes this possible 
in a majority of cases. 

The Functions of Inspection.—Provided with proper designs, mate¬ 
rials, and facilities the manufacturing departments might be presumed to 
function effectively unaided. However, operating executives are likewise 
responsible for volume of output, meeting schedules, high earnings for 
workers, and low costs. The immediate pressure of these demands and 
the fact that consequences for quality variations are more remote and 
perhaps less tangible make it advisable to have a separate functional 
set-up for inspection. 

Inspection serves to avoid loss of labor on parts or materials which 
are defective, to check waste consequent upon the use of defective auxil¬ 
iary equipment and tools, to relieve the foreman of routine duties of this 
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nature, to safeguard the intent and aim of the designing department, and 
to provide for the successful assembly of departmental outputs and spe> 
cialized production. Inspection intelligence supplements the manual work 
of semi-skilled operators, enabling them to be used successfully on repeti¬ 
tive work. In like manner, by holding work to closer limits than would 
be the case otherwise, cheaper labor can be used in assembling, and less 
time is lost “juggling” with parts that will not fit. Inspection also guards 
against the acceptance of materials of varying quality, and likewise pro¬ 
tects customers from receiving products which are defective or of lower 
grade than intended. Experience shows that manufacturing departments 
unaided by inspection service do not maintain standards and quality 
satisfactorily. Inspection is, therefore, the price paid for quality insurance. 

Inspection provided to supplement the quality efforts of mechanics 
and foremen is designed as a helpful, necessary service, not as an antag¬ 
onistic force of police character. Any other spirit in an organization sug¬ 
gests the failure of management in making clear the common aim of all 
employed, and in inspiring the operating personnel wnth the ideals of 
quality wliich it seeks to maintain. In small plants, employees w’ho are 
carefully chosen and personally instructed quickly grasp quality ideals. 
In larger plants loyalty and enthusiasm toward this aim may be more 
difficult to engineer. 

The Plant and the Inspection Division—Inspectors Subordinate 
to Supervisors.—There are shops where the workers are concerned 
mainly with wages, and foremen, under pressure for quantity and low 
costs, become careless of quality. The.se conditions may prevail when the 
grade of w'orkers is low, foremanship not the best, or the production 
dejiartments lack appreciation of quality aims. Inspection must then 
guard against incompetency, slighting of work in order to increase earn¬ 
ings or output, efforts to hide mistakes or negligence by passing inferior 
or defective work, or laxity with respect to equipment or tool mainte¬ 
nance. Under these circumstances more rigid and intelligent control is 
effected, and a check provided on foremanship by separate administration 
of the inspection function. 

The head of the inspection division should report to an executive far 
enough up the line w 4 io will give due weight to quality requirements, and 
thereby act as a balance wheel in the production scheme. The engineer¬ 
ing department usually has a primary interest in perfection of product, 
the sales division in consumer acceptance and satisfaction, and the oper¬ 
ating divisions in low costs. Under such circumstances it is essential to 
provide an unbiased authority capable of judging impartially the relative 
importance of conflicting viewpoints with respect to quality, and recon- 
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ciling differences between them. This calls for functional control of in¬ 
spection. 

Inspectors as an integral part of operating groups do protect quality 
successfully in some plants. Favoring conditions are high plant morale, 
carefully selected workers who are skilled and conscientious, relatively 
small plants, capable supervisors, and ease and simplicity of inspection. 
Some small plants report success in depending entirely upon the worker 
for counting and inspection. Efforts in these directions are designed to 
reduce indirect costs. The final test of their efficacy is in the results at¬ 
tained. In very large plants where the trend has been to subdivide manu¬ 
facture by products or kinds of work with a responsible executive in 
charge of each, he is also responsible for inspection. This arrangement 
furthers cooperation among subordinates. 

Inspectors Reporting to the Superintendent of Manufacturing.— 

This officer exercises control over all production departments, as well as 
the engineering or design, and other auxiliary and service departments. 
His aim is profitable manufacturing into which quality and quantity ideals 
are merged; his task is to coordinate and balance the activities of all 
departments to this end. More than any other individual he will possess 
the proper perspective to permit sound judgments without bias, and the 
control necessary to effect coordination. Sensitive to consumer appraisal 
of products on the one hand, and manufacturing costs on the other, he 
will evaluate accurately the needs of production from a quantity and cost 
standpoint, as against suggested standards of perfection. His authority 
enables him to harmonize conflicting viewpoints and to secure adherence 
to policies and procedures determined upon. When functional control of 
inspection proves desirable, an organization reporting to and responsible 
to the superintendent of manufacturing very often proves effective. 

Quality Control by the Engineering Department. —This is prac¬ 
ticable and sometimes desirable when the product is a technical one, and 
standards of production high. It is usually assurance of unquestioned 
quality. However, the arrangement may affect profits adversely. If the 
designing engineers are primarily interested in engineering perfection, 
lacking in production experience or familiarity with the product in use, 
engineering control of inspection may be unnecessarily rigid or theoreti¬ 
cal. Technical perfection of product is desirable only in so far as it 
contributes to worth and usefulness. Engineering theory and professional 
skill expressed in designs are desirable only as they contribute to manu¬ 
facturing success. 

Engineers may prove unduly conservative in considering departures 
from tested paths, and to look with unwarranted suspicion upon sug- 
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gested economies. Experience shows that shop criticism of designs often 
brings changes which facilitate economical, practical manufacturing, and 
permits the use of available equipment. Undue refinements, as tolerances 
more accurate than needed, add appreciably to costs, arid from a use 
standpoint much unwarranted expense is incurred to hold close limits on 
unimportant parts. Whoever is in charge of inspection should possess 
both common sense and a “money** sense. 


Other Arrangements for Quality Control.—In some instances free¬ 
dom from manufacturing influence is achieved by having the official in 
charge of inspection report to the general manager. In large factories 
this should seldom be necessary, and this officer, busy with general prob¬ 
lems of administration, may lack both the time for and insight into the 
details of this function. Likewise, he is too detached from active oper¬ 
ations to effect the necessary coordination which is essential for effective¬ 
ness. To encroach upon the responsibilities and duties of the manufactur¬ 
ing executive by such an arrangement is not often justified. When the 
quality demands are very high, or the duties of this officer pertain princi¬ 
pally to plant operation, as in small and subsidiary plants, the arrange¬ 
ments may be feasible. 


Qualifications of Inspectors.—^The inspector must necessarily be 
something of a specialist. Ability over a wide range of material or oper¬ 
ations is indicative of greater capacity than can ordinarily be utilized 
economically. H. R. Perry, writing in the Western Electric News, says: 

An inspector of raw materials may be a humble hunter of visible flaws, 
or a skilled investigator, utilizing delicate and complex testing machines; 
a mere checker of physical dimensions by scale, gauge and micrometer, or, 
on the other hand, a trained analyst who determines the percentage of 
adulterant or impurity in materials where they are likely to be found. 

Women between the ages of 18 and 25 , high school graduates, and 
production men provide the rough material out of which the great body 
of inspectors are selected and trained. In the laboratories may be found 
those qualified by technical training. 

Women of the ages suggested learn quickly, while girls fail to assume 
the necessary responsibility. Women are particularly apt at tasks which 
call for quickness of perception and deftness of touch, as in inspecting 
ball bearings, hosiery, knit goods, and many small mechanical parts. In 
all such tasks where the manual effort is not tiring, nor the work disa¬ 
greeable or dirty, the work may be segregated and an environment 
created which appeals to the best type of women seeking factory 
emnloyment. 
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Many high-school graduates join the ranks of inspectors after a period 
of experience and training. What they lack in judgment and experience 
they make up in willingness and ability to follow instructions. Ignorant 
of shop practice and production difficulties, they are not unduly sym¬ 
pathetic in that direction, as an ex-production man is inclined to be. 
Workmen who show aptitude for accurate, painstaking work, and who 
know “the game,” make good inspectors if they are able to assume the 
new viewpoint which their changed status necessitates. The relative 
number of applicants from any source who mature into trustworthy, 
capable inspectors is very small. 

For almost all inspection operations standards of judgment are fur¬ 
nished to the inspector in the form of blueprints, gauges, or instructions. 
From these he may not depart, and they delimit the exercise of his judg¬ 
ment. This method is adopted not with a desire to eliminate the inspector 
who thinks, but to insure thinking only in terms indicated by the stand¬ 
ards provided. This practice provides centralized, intelligent control over 
what is done, does away with varying individual standards, and obviates 
the great difficulty of training men to exercise quality judgment. 

Competency is not always assured by the ability to interpret and apply 
correctly the standards provided. The inspector may need to be well in¬ 
formed on the subject before he is capable of grasping the full meaning of 
the specifications. Where specifications cannot cover all particulars, he 
should know use requirements in order to judge acceptability. For exam¬ 
ple, on a machine part surfaces may not be parallel or square; parts not 
properly hardened or tempered; threads out of alignment; keyways not 
parallel or not centrally located; holes not drilled or tapped square with 
the body of the piece; and many details of a like nature. If they are over¬ 
looked they are bound to cause vexatious delay on the assembly floor or 
trouble in the finished product. Likewise, production experience is a 
great aid in supplementing inadequate and foolish specifications, which 
are not at all uncommon. 

The alert, energetic inspector in the shop comes to know men and 
machines intimately. With increasing ability he not only recognizes error 
readily, but appreciates its cause and is competent to offer constructive 
suggestions for its elimination. He may readily graduate into the ranks 
of foreman, and this indicates the proficiency which many attain. 

Where inspection takes place in the shop and perhaps at the machine 
or bench of the workman, ability to reject work without provoking the 
animosity of the worker is a desirable attribute. These “traveling” or 
“machine” inspectors need to be of a superior type—keen and alert, 
pleasant of manner, capable of winning cooperation by suggestion, and 
with skill as mechanics. I'riction between the inspector and workers may 
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lead to departmental differences which seriously interfere with manu¬ 
facturing profits. 

The chief inspector must qualify as an administrator in directing his 
staff. He needs to have a thorough knowledge of manufacturing and 
good judgment as to requirements. Familiarity with testing equipments, 
gauges, and measuring instruments is essential, together with an aptitude 
for developing needed devices of this kind. An ability to detect funda¬ 
mental difficulties causing rejections, and to secure constructive action 
from the proper individuals is a desirable trait. He needs also to exercise 
patience and tact in carrying on his work and dealing with the various 
departments whose ideas may be in conflict with each other or his own. 
Respect for the competency of the inspection staff must exist in the minds 
of all, and its integrity must be unquestioned. 

In addition to these obvious qualifications the chief inspector must 
have a technical knowledge of the logic of sampling. Except when full, 
or 100%, inspection is used, the inspector attempts to judge the quality 
level of a lot from a sample. This is a complex and in many cases a 
difficult problem. First, it is necessary to see that the parts are tested 
accurately, and for relevant properties. This is not always easy. For 
instance, the introduction of an automatic gauge which flashed red lights 
for undersize, green lights for oversize, and amber lights for correct 
dimensions revealed in one plant that no parts within the required 
tolerances were being made, although previous inspection methods had 
passed most lots. Second, since there are more good pieces than bad in 
most lots, samples will usually be distinctly better than the lots. The chief 
inspector must know how to allow for this in inspection procedure, and 
wherever possible avoid the difficulty by statistical methods, 


Centralized and Decentralized Inspection.—Whether to move mate¬ 
rials to central inspection departments or bring inspection to the materials, 
is dependent upon the character of product and the relative economy. 


Centralized Inspection.—^With central inspection, when an operation 
is completed on a lot of parts they are moved to the inspection point, 
inspected, then dispatched to another operation or to stores. This proce¬ 
dure is faulty in not preventing spoilage, in added cost and confusion of 
handling, and the extra time involved in completing the product. In 
plants operating on a departmental basis and producing small parts 
handled in bulk, inspection is often provided at a central inspection 
station within each department, or at the production control station of 
each department. At this latter point all goods may be received for the 
department and finished work dispatched from it, following checking for 
quantity and inspection for quality. 
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Inspection at the machine or work station may be limited to the 
guidance supplied by the supervisor and the worker’s own check. The 
count at completion may then be a check on quantity if the value of the 
part is small, and the loss slight, even if several succeeding operations are 
performed on a defective unit. This quantity check may also be important 
in order to assure the completion of a required number of units, as 
necessary to complete an order or an assembly. Here, as in all inspection 
operations, the gain must be weighed against the cost. For the moral 
effect it may be well to have a check on spoilage and waste at each point 
where work is done in order to penalize those responsible for it if in 
excess. In the class of work suggested the machines are usually of a 
specialized type and the quality of the work is largely a matter of ma¬ 
chine adjustment, with less dependence on the operating skill of the 
worker. 

Departmental production may call for operations necessitating skill on 
the part of the worker or for special machine set-ups, and may be of 
relative importance from a cost standpoint. Economy suggests prevention 
of waste under these circumstances rather than risking an undue amount 
of rejected parts. Inspectors may then check the set-up and the first few 
parts completed before the operator proceeds with a given lot. When the 
employee at such a machine has been started correctly on a job and 
supplied with gauges so that he can make his own tests for accuracy, 
there is little or no excuse for spoiled or inaccurate work. 


Line Inspection.—In mass production effort is made to complete parts 
in a line of operations of minimum length. Because of the volume or 
product, and the way in which the manufacturing operations are 
arranged, it is not feasible to interrupt the movement of parts or product. 
The time element is also important, and space requirements a factor. 
For these reasons “traveling” or “machine” inspectors function along the 
production line as the work proceeds, constantly alert to check errors 
and imperfections, and to note laxity of maintenance of equipment and 
tools, the wearing of dies and fixtures, all of which may affect quality. 
Inspection operations may be incorporated in the manufacturing arrange¬ 
ments in the same w^ay as work operations. In an automobile axle plant 
this type of inspection provides a check on each unit of product at 
intervals of 30 minutes during its process. 

Strategic Points of Inspection.—For economical inspection, defective 
products must be rejected at that point in the manufacturing process 
which will make the net cost a minimum. It is always important to 
detect faulty castings and inferior material immediately defects are 
vevealed l)v machining onerations. to prevent waste of labor and machine 
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time in succeeding operations. The same reasoning holds for any mis¬ 
takes which may occur in the progress of the work. Inspection of all 
parts is justified before costly operations, or at points where defects 
resulting from previous operations would be concealed, with a check of 
a few parts of each lot, perhaps, at other points. The gain must in each 
case be balanced against the cost in determining when and how much to 
inspect. For instance, in a certain class of inspection costing 50^ per 
hundred parts to insure the material being 95% good, the inspection to 
insure 98% good might cost $1.25. That is, the gain of 3% in quality 
may cost an additional 75^. It is doubtful if the additional inspection 
would be warranted. 

Special Arrangement for Inspection.—Not all inspecting can be 
performed to advantage in the shop. Materials may need to be moved to 
special testing machinery or laboratory facilities. Unusual light require¬ 
ments, lack of quiet, vibration, odors, temperature, humidity, or other 
adverse environment influences may preclude the use of shop space. The 
number of inspectors used and space needed may prove a hindrance to 
production arrangements and suggests a location apart. When women 
inspectors are utilized in plants employing principally men, the work 
should be segregated. Moreover, occasions may suggest themselves when 
impartial inspection will not be forthcoming if workers and inspectors 
have personal contacts. The cost of transportation and the inconvenience 
involved in moving materials to inspection areas may be minimized by 
use of conveyor equipment. Parts may be inspected while en route on 
such mechanisms from one production operation to another. 

Inspection of Tools and Equipment.—Inspection of product is, how¬ 
ever, but one phase of the inspection task. It should include a check-up 
on the condition of machines, cutting tools, and accessory equipment such 
as dies, jigs, and fixtures, as well as speeds and feeds. A punch press 
may be out of line or the tool used may be worn. Set-up variations may 
occur; damaged jigs may affect quality. 

Prevention of faulty production is constructive inspection procedure. 
In many operations the workmen use gauges or other checks as a guide 
in doing the work, and these equipments need to be looked over periodi¬ 
cally. Laxity with respect to manufacturing standards quickly manifests 
itself in imperfect production. As the inspector is in a position to note 
these defections quickly he may greatly aid the production foreman. The 
danger in making suggestions to the foreman is that the inspector tends 
to assume responsibility for arrangements, and thereby for quality of 
output. For this reason inspectors are required to offer constructive 
criticism only in reports to the chief inspector, who will then make 
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proper suggestions to engineering or production executives concerned. 
With this policy, the inspector’s arbitrary, judicial attitude toward his 
work is not compromised. 

When wai ranted, a tool inspection division may be created which 
assumes responsibility not only for the quality of all tools, patterns, and 
gauges used, but for design as well. With this arrangement the inspec¬ 
tion department is definitely responsible for the operating condition of all 
tools and fixtures as well as for product. 

One function of this division is to provide the purchasing and technical 
departments with information as to comparative merit of different brands 
of the items used, which is obtained from investigations made and records 
kept. The opportunity to check and approve designs frequently enables 
those experienced in the use and purpose of tools and gauges to offer 
suggestions leading to improvements. If dangerous to use, not sufficiently 
“foolproof,” too expensive for temporary use, or otherwise unsuitable, 
changes may be suggested. Tools, jigs, and fixtures intended for perma¬ 
nent use may often be designed for almost unlimited wear by providing 
bushings, adjusting cams, and removable parts. 

Minimizing Inspection.—Some kinds of work may call for little 
inspection. In the making of furniture, for instance, succeeding opera¬ 
tions on wood parts may take place with dependence upon the workmen 
to eliminate defective pieces as they show themselves. Few faulty pieces 
find their way into assemblies, which are inspected before finishing. In 
garment making a premium is paid to the worker for imperfections 
detected in preceding operations. The group premium plan of wage 
payment is an incentive to accurate work on the part of each member of 
the group and the checking of preceding operations as progress is made 
toward completion, if payment is made only for perfect units. Criticism 
by fellow workers and the time lost in rebuilding faulty units provides 
incentive for careful effort, and alertness to note the mistakes of fellow 
workers. Considerable inspection can be dispensed with under these 
circumstances. 

Extent of Inspection.—Experience and the use of statistical analysis 
has enabled many shops to standardize the extent of inspection of parts, 
this varying with the specifications for the part and the type or class of 
machine or worker producing it. This gives a basis for cost and extent 
of inspection. If occasion seems to warrant, standards may be waived 
and judgment used to increase the extent of inspection at any time. It is 
logical to inspect most where the source is questionable. Most attention 
should be given to the weakest links in the chain, whether these are 
machines or work stations inside the plant, or outside sources of supply. 
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Defective parts in limited proportions may not be objectionable on an 
assembly line or to a purchaser, as nuts or screws. They could be dis' 
carded without much inconvenience or loss. If a check showed greater 
numbers, a workman could be assigned to separate the good from the bad. 

One hundred per cent inspection if carefully performed would seem to 
offer maximum precaution against passing defects. Experience indicates, 
however, that when complete inspection involves tedious and tiresome 
work which causes the inspector’s interest and physical ability to lag, spot 
inspection, being less tedious, will be more carefully done. Very often 
statistical analysis offers better and cheaper inspection than 100% inspec¬ 
tion in actual practice. 

Inspection of Purchased Units.—A manufacturer may include these 
as integral parts of his product without detail inspection, depending upon 
the vendor’s inspection department, and perhaps the need for the supplier 
to protect his own reputation. An example would be electrical equipment 
for an automobile, a speedometer, a carburetor, or a motor for a washing 
machine. Some concerns make detail tests to assure themselves of the 
excellence of the unit in every respect. An alternative would be to study 
and approve inspection methods and tests used by the vendor. 

Where dependence is placed upon a subsidiary or outside manufac¬ 
turer for a unit whose excellence influences greatly consumer satisfaction, 
a purchaser may carry inspection into the vendor’s plant, and pass all 
units before shipment. 

Checks on Inspection.—In the automobile field it is the practice to 
check inspection, particularly of new models, by taking a finished unit out 
of stock and dismantling it completely to ascertain how nearly it com¬ 
plies with requirements. 

A knitting company employing women at low wages to inspect the 
cheaper grades of underwear, supplements a first inspection by a second 
and final inspection in the pressroom. When inspection operations are 
repetitive and tedious, as in the handling of small parts, it is customary 
to reinspect a portion of the work of each inspector to keep all exercising 
due care and to check proficiency. (See the chapters on wages for 
incentive plans for inspection.) 

Administration of Inspection.—Inspection operations lend them¬ 
selves to motion and time study in the same way that production opera¬ 
tions do, and with tlie same gains to be expected in lower costs and more 
effective application of effort. Executive control is possible through the 
use of standard practice instructions which carefully outline the will of 
management, as well as the method to be pursued in accomplishmcii*. 
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The inspector requires guidance over and above drawings or verbal 
instructions. Drawings are formal instruments and may lack the speci¬ 
fications necessary to make the part perform the duty for which it is 
intended, leaving the control of these essentials to the knowledge and the 
more or less trustworthy memory of the inspectors. On the other hand, 
many parts may vary widely from any specifications that would be 
tolerated on a drawing by the engineering department, and still serve 
their purpose perfectly, and if the inspector were to adhere strictly to 
the limitations imposed by the drawing, he might be compelled to throw 
out much perfectly good material. 

A card file may be developed with a card for each part handled, which 
will contain notations with respect to that part not to be found upon the 
drawings, as well as tolerances that w'ould not be permissible on the 
drawings themselves, but which would often prevent the scrapping of a 
perfectly serviceable part. Cards may also bear instructions for mak¬ 
ing tests that may be a trifle out of the ordinary, and, if it seemed 
desirable to go so far, to specify all of the devices and equipment to be 
used in making the tests, excepting perhaps the ordinary measuring 
instruments. 

With such a card file one careful “thinking through” of each inspection 
problem suffices. The desired procedure is made permanent in a record 
which is immune to labor turnover; and thereby the hazard of question¬ 
able memory, and perhaps incompetent and varying individual judgment, 
is eliminated. The training of new inspectors is facilitated, friction is not 
engendered between the inspecting and production departments due to 
varying requirements, and a basis is provided for continued improvement 
in methods and thoroughness. 

The chief inspector will maintain sufficient records, and files of reports 
submitted by his subordinates. When summarized and analyzed these 
provide a history of all rejections, and should constantly point toward 
weaknesses in the production scheme which may be strengthened. 

The central inspection office provides a place where the inspection staff 
may meet for conferences and discussion. Informal interchange of ideas 
and experiences, and counsel with the chief inspector which will prove 
both educational and stimulating to morale and opportunity, should be 
provided for them. 

Inspection Devices.—The basis of a great deal of inspection is 
accuracy of measurement, which is accomplished by different types of 
gauges, micrometers, and measuring instruments. These in turn must be 
tested and kept accurate. The Cadillac Company possesses over a dozen 
sets of Johanssen gauges, accurate to the one-millionth part of an inch, 
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with which it tests over 25,000 gauges and instruments used by inspec¬ 
tors, valued at more than $250,000. Some concerns gather inspecting. 
equipment at the close of a day's work, check it for accuracy, and have 
it available for use the following morning. With other concerns inspec¬ 
tion equipment is checked each time issued, or at less frequent intervals. 
Inspection dates of all gauges should be kept on file cards. Punches, 
dies and jigs may be inspected each time they are checked in. 

A reasonable relationship may be established between the type of 
inspecting equipment used and the intelligence of the inspector. Costly 
equipment may be made exceedingly simple to operate, perhaps “fool¬ 
proof." Less costly equipment combined with more brains may be more 
economical and as satisfactory. In the design of gauges, particularly, the 
intelligence of the user and his thought habits may be a guide to design. 
“The micrometer, beam caliper and vernier caliper are too dependent 
on the personal equation and human sense of the workman to be used by 
unskilled labor to measure the multitude of parts constantly passing 
through a large manufacturing department. Solid and adjustable gauges 
in the shape of plugs, rings and snaps are now universally used, and 
have been found to be reliable and convenient." ^ In many lines of 
industry inspection and testing operations have become a necessarily 
inherent part of the production process, and the equipment required 
merits the same study as that given to production operations. 

Chemical and physical laboratories need to be specially equipped for 
testing incoming materials, processed parts, and finished product. In 
many industries, the X-ray is contributing to the effectiveness of inspec¬ 
tion by disclosing the interior structure of materials. In the electrical 
industry much special equipment has been developed, including a liquid 
gauge, which measures to the one-hundred-thousandth of an inch. 

Noise meters register decibels of sound by a pointer on a dial. By 
optical projection an image of tiny parts enlarged many times may be 
thrown on a screen. Shapes may be checked, the precision of pitch of 
machine screws, the perfection of edged tools. Profilometers measure in 
millionths of an inch the micro-finish of crankshafts and other parts. 
Photoelectric cells have many uses. Fine color distinctions can be made 
with them, as the automatic selecting and placing of cigars of varying 
shades in different boxes, so that any one box will contain only those 
of identical color appearance. Perfection of finish or brightness of surface 
may be similarly checked. Infra-red rays detect spots of imperfect 
chemical compositions in plastic or rubber articles. Machine gauging and 
testing of parts may become an economical method when the quantit>' 
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of parts produced is sufficiently large or when the gauging operation 
involves a tiresome amount of work, or when greater accuracy may be 
attained. Inspection equipment should repay its cost in two or three 
years. 

Environment plays an important part in many inspecting operations. 
Ample light of proper quality is often essential. Clean air of even tem¬ 
perature may be necessary. A well-kept room is suggestive of quality, 
and vice versa. Good vision is likely to be a necessary asset, and if so, 
an oculist should make periodic tests of the inspectors’ eyes. 



CHAPTER 30 


MATERIALS CONTROL 

The Stores Department.—As pointed out in the chapter on purchas¬ 
ing, the procuring of materials and their storage are closely related. In 
a small company they may both be handled by the same department, but 
in a larger firm it is usual to have these two functions separated. In 
this case a stores room or stores department is established whose purpose 
is to receive, keep, and issue materials and supplies as they are needed 
in operations. Along with these duties the department must also pro¬ 
vide space and facilities for the storage and issuance of finished products 
and parts manufactured by the company and held prior to sales. A 
full inventory is frequently divided, and separate storage areas estab¬ 
lished, according to raw materials, supplies, semi-finished and finished 
parts, and finished stocks. Many stores departments handle from 10,000 
to 25,000 separate items, and some companies will keep well over 100,000 
different accounts. 

It is obvious that the storage of so much material involves consider¬ 
able expense and that anything that can be done to reduce the inventory 
or speed up handling will result in appreciable savings. When a company 
such as Bethlehem Steel can cut $10,000,000 from its inventory by 
better stores control this amounts to an annual direct saving of $500,000 
in interest charges alone. Additional profits are also made in reduced 
expenses for spoilage, obsolescence, and handling. 

Control of Stores in Mass Production.—One of the essential features 
of materials control is that the system and clerical work involved do not 
prove a hampering influence on production. Mass manufacturing indus¬ 
tries, such as automobiles, have required and developed a modification 
of previously accepted stores control methods. This is made necessary 
because of the tremendous burden they would face if they attempted to 
store the huge quantities of materials they use and finished stocks they 
produce. It is made possible by the extent to which they employ stand¬ 
ardization and simplification in their products. 

Purchasing is done for specific manufacturing programs on an esti¬ 
mate of needs supplied by a materials engineering section. All production 
is determined by schedules made in advance and contracts are made with 
the suppliers specifying d^nite delivery dates. Only enough materials 
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are shipped in at one time to last the plant for a few days* run. As they 
arrive they are sent directly to the operating departments where they 
are needed or sent to decentralized stores rooms where they remain only 
for a short period. Every effort is made to avoid handling, clerical work, 
and to keep materials and parts in production. For accounting purposes 
in many plants it is considered that as soon as the material arrives it is 
put in process and thus becomes part of the work in process inventory. 

Since the finished product is thoroughly standardized it is a simple 
matter to determine the unit material cost, and from the day’s or month’s 
total production the used materials are figured. By adding the total of 
incoming shipments during the period to the beginning inventory and 
subtracting the quantities used in outgoing orders, repair stock, and 
waste, the inventory on hand at the close of the period is easily ascer¬ 
tained. Individual requisitions totaling hundreds of thousands are thus 
dispensed with, yet complete control is retained. Some mass production 
companies have to a large extent successfully done away with separate 
storage departments. 

Jobbing and semi-standard manufacturing obviously cannot be handled 
in this fashion. It is one more of the savings found in mass production. 
For the big majority of manufacturing companies the storage of materials 
and finished products is still a major task. The methods used in the 
control of materials under these conditions constitute the remainder of 
the chapter. 

Duties of the Stores Department.—When the stores room is of 
sufficient importance to have its own administrative control it will have 
the following duties to perform: 

1. To maintain raw material stores in quantities and qualities to 

meet manufacturing needs. 

2. To keep investment in materials and supplies at a minimum 

3. To provide for the checking and inspection of materials pur¬ 

chased, to see that they are in satisfactory condition when 
received, and in accordance with purchasing specifications. 

4. To store all goods and materials properly and safely so as to 

prevent breakage, deterioration, waste, and theft. 

5. To issue stores at times and places, and in the manner designated, 

as instructed by proper authorities. 

6 . To maintain a perpetual inventory and stores records which will 

show disposition and use of all materials issued, values and 
kinds of goods in stock, and prevent misuse and diversion of 
materials to improper use. 
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The perpetual inventory records, or balance of stores sheets, are fre¬ 
quently kept by some branch of the accounting department or the produc¬ 
tion control department, and are not in the stores room. Entries are then 
made from reports sent to the inventory clerks by the stores room. 
Records of this kind are kept more accurately by a clerical force than by 
stores room employees. 


Replenishing Stock.—In a manufacturing business where production 
is governed by customer orders approximate needs are forecast from 
experience. Orders received day by day and analyzed by the planning 
room of the manufacturing department provide a basis for further inci¬ 
dental purchasing to supplement general stocks. Where the product is a 
staple one and production fairly regular, and in a jobbing business, a 
system of “maximum*' and “minimum” quantities for each item may 
control reordering. As the “minimum” level is reached a purchase requi¬ 
sition is issued for a predetermined amount, which may be varied in 
accordance with circumstances and the judgment of the purchasing 
executive. 

The responsibility for control of stores quantities rests with either the 
purchasing executive or the stores department, except in the case of mass 
production as previously mentioned. Additions to stocks are usually 
determined with reference to existing balances. The many items carried 
under the name of “supplies,” and “expense materials,” which do not 
enter directly into the product are very generally handled on a “maxi¬ 
mum” and “minimum” basis by the stores department, even though 
quantities of manufacturing materials are controlled by others. 

Procedure Upon Receipt of Purchases.—The receiving section of 
the stores department is supplied with a copy of the purchase order or 
notice of purchase as a guide to expected deliveries. Upon receipt, all 
goods will need to be checked for quantity and quality, and proper reports 
made to the purchasing department, notification of arrival sent to inter¬ 
ested individuals or production departments, and the materials placed 
in stores or made available for use. To avoid carelessness in checking, 
the receiving clerk may be required to report items received and their 
respective quantities. By omitting all amounts from the copy of the 
purchase order sent to the receiving clerk he is forced to make an actual 
codnt of the material instead of merely checking them off. 

In many cases a mere count or measure of the material suffices as a 
check on satisfactory delivery, but in others rigid physical tests by 
measurement, careful examination of goods, or laboratory tests may be 
necessary. In the former cases the receiving room employees are enabled 
to do the work as a part of their regular routine. Where technical intelli- 
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gence not easily acquired by such employees is essential, tlie inspection 
department will need to furnish assistance. 

Progressive stores departments make a practice of completing inspec¬ 
tions and securing adjustments with the vendor before accepting deliv¬ 
eries and placing materials in storage, even though demurrage is incurred. 
This procedure facilitates prompt and equitable adjustments by placing 
the responsibility for immediate action upon the supplying concern. By 
careful selection of suppliers, however, little difficulty of this nature 
should be experienced. 


Modern Shipping Practices Facilitate Handling of Stores.— 

Important economies are effected by having materials delivered in stand¬ 
ardized ways which save handling costs. A motor company reports that 
some material is received from outside sources in special racks or con¬ 
tainers furnished by the company, or on skids, on which the material 
remains until delivered to the primary operations. Other examples of 
special packing are given by W. H. Fleming in the following statement: 


Carloads of fabric come to the Goodyear Rubber Company packed in a 
standardized way that has been worked out by our engineers. The heavy 
rolls of cotton fabric are stacked with an aisle around them, so that a man 
can enter the car with a flash light and note the numbers stenciled on the 
ends of the rolls. This method of packing also prevents damage, which 
might result in claims . . . Rim steel used to cost us more per 100 pounds 
to unload than anything else in the plant. Now we have it baled in uniform 
bundles that w'cigh about Syi tons and let the crane that used to handle our 
reclaimed rubber unload and stack it. Such economies have saved us men 
and money; just in the last year we have reduced our cost of unloading 
and stacking rim steel from 22 cents to 5 cents a thousand pounds. And 
we look for further savings while we continue to use this system ... As 
far as possible the stock department stores finished materials in unit con¬ 
tainers. This eliminates all counting except when the container is originally 
filled. 


Ingenuity in effecting .savings by use of improved methods has l)een 
essential to manufacturing success during the past few years in many 
lines. 

Storage Methods That Have Proved Economical.—Storage equip¬ 
ment varies widely, depending upon the product to be stored. It may be 
simply ground area, outdoor bins, covered yards, indoor space, shelving, 
drawers, bins, racks, hooks, specially constructed fire- or theft-proof 
rooms, or storage compartments in which atmospheric conditions are 
subject to control. Examples taken from several lines of industry will 
indicate progressive practice. 
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Poundrics must care for pig iron, steel scrap, sand, and coke. An 
overhead traveling crane equipped with a magnet may be used to unload 
cars of pig iron as received, and make up charges for the cupolas as 
needed. 

Figure 142 shows storage equipment to handle and store foundry sand. 
The overhead cranes operating clamshell buckets unload sand from cars 



Figure 1-42. View <if SU)ragc P*ius and F.iglit-Ton (irah Bucket Crane in a Cement 

Plant 


at the extreme left into the bins, and as needed serve the hoppers at the 
right which oj)en into the foundry. Lal)or cost is reduced to a minimum. 
Sand needs to be ])rotected from the weather. In the northern part of the 
country covered foundry material storage yards pay dividends on their 
cost in |)rotecting materials from snow, rain, and subsequent freezing. 
When so exposed they are difficult and expensive to handle, and some of 
tliem deteriorate in value. 

Siccl fahriratinc/ f*lants and companies maintaining steel stocks require 
considerable areas of storage space which are served by overhead cranes. 
These should preferably he covered, as exposure of steel stocks to the 
weather causes deterioration and adds to expense of cleaning and painting 
finished products, but many companies make no attempt to cover rough 
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stocks of heavy steel bars and shapes. Sufficient storage area is necessary 
to pile different shapes and sizes separately. 

In furniture manufacturing, lumber is used by many firms in quan¬ 
tities of from 20,000 to 40,000 board-feet or more per day. A middle- 
western company receives its lumber in box cars and unloads it onto 
“bunks,"’ which consist of platforms mounted on trucks which are moved 
over wide-gauge industrial tracks. Each vertical layer of lumber on the 
“bunk” car is separated from the succeeding layer by strips of the same 
thickness as the lumber, placed crosswise. Piled in this fashion with 
three or four thousand feet to each “bunk” car, it is run onto storage 
tracks, thence in succession to dry-kilns, storage shed, and finally to the 
first manufacturing operation, all without the necessity for rehandling. 
One or two men move the cars readily, utilizing hydraulic lifts for 
movements in a vertical direction. Following treatment in the dry-kilns, 
atmospheric conditions in the storage sheds and throughout the factory 
must be controlled and kept the same. Upholstery materials are received 
in rolls and delivered to shelf space in stores rooms maintained for this 
material adjacent to upholstery departments. Their high value suggests 
the need for safekeeping. Steel wire used for springs is received in box 
cars and unloaded by gravity into basement storage. 

A cotton yarn and hosiery mill utilizes baled cotton in spinning cotton 
yarn and later in knitting hosiery. Received in box cars, the cotton is 
trucked to an elevator with a large platform area which moves it into 
storage space in a multi-story reinforced concrete building with 7-foot 
story heights. The bales arc placed on end, sufficient space remaining 
above for ventilation. Because of the speculative market, space for 
several months’ supply is provided. The manufacturing layout is arranged 
so that the first operation is near the first floor opening of the elevator 
shaft which leads to the storage space above. Hand trucks are used as 
moving equipment. 

In a medicine plant with an output of 30,000 bottles per day, the 
bottling department occupies but a relatively small area of the factory 
floor space. Storage is provided for a two years" supply of senna, a bulky, 
light-weight leaf product from the African Sudan, for several months" 
requirements of cane sugar, for bottles, paper boxes, cartons, printed 
matter, etc. Excepting the senna, practically all materials are stored on 
lift-truck platforms, enabling truckers to move loads of from one to two 
tons. Unloading from cars is accomplished by these trucks, although 
gravity conveyors are utilized to carry bottles directly into basement 
areas. Power conveyors later elevate them to the bottling department on 
the third floor as needed. Manufacturing starts on the top floor with the 
compounding of the remedy, which is piped to immense glass-lined tanks 
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on the floor below where it is stored and permitted to age. The next 
lower floor houses the bottling department. Gravity roller conveyors 
handle packed cartons from the bottling room to stockrooms below, 
where they are piled on truck platforms awaiting shipment. Favorable 
atmospheric conditions are maintained throughout the plant to protect 
the quality of the product. 

Newspapers, to protect themselves from paper shortage due to strikes 
or traffic interruptions, need to provide ample storage space for news¬ 
print. One large newspaper receives its supply by truck deliveries. The 
rolls, weighing around 1,200 pounds, are rolled off the back of a truck 
onto a tilting device which delivers them into a chute leading to the 
basement. They pass over a scale where the weight is noted, and are then 
rolled onto a tiering machine which conveys them into storage. The 
arrangements are such that one man may handle incoming deliveries and 
deliver the rolls to the presses as required. Chicago newspapers receive 
newsprint by boats which come directly from northern paper mills. In 
other instances cars are switched underneath the plant, and the rolls 
hoisted vertically to storage. The humidity and temperature of the air 
are controlled by ventilating equipment, and the air supply is circulated 
through the paper storage and press rooms. For successful and economi¬ 
cal printing, the ink supply must also be ‘‘right,'' and to this end pumps 
keep it constantly in circulation in the tanks at proper temperatures. 

Manufacturers of plumbing, gas and water supply products, and pro¬ 
ducers of telephones and telephone equipment handle large quantities of 
small parts, many of which do not require particular protection or ca~e 
in handling. These, in standard lots, are placed in pans or tote boxes 
and moved from storage into production, where the necessary opera¬ 
tions are performed upon them. Still in the same containers they go as 
finished parts to assembly lines. Shelving or rack space is designed to 
accommodate the equipment used, and rehandling of the parts is avoided. 
When no stock is on hand the shelving space is available for other use. 

Drawers are used to some extent for housing sinall parts when the 
variety of parts is great, the number of each part small, and the weight 
not too heavy. They afford excellent protection, but the equipment is 
expensive, and the task of storing and issuing somewhat arduous. They 
have the disadvantage of encouraging the accumulation of dead stock at 
the bottom. Deterioration is likely to occur through rust or other causes, 
particularly when rubber goods or highly finished parts are thus stored. 
Obsolescence may also result from the accumulation of old stock as 
changes in design are effected. 

Bins for storage are common and are used for holding small parts 
which are issued a few at a time. As in the case of drawers, there is a 
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tendency to the accumulation of rejected, old, and obsolete stock in the 
bottom of the bins. The double bin system eliminates these objections. 
With this plan two bins are provided for each kind of material. Issues 
are made from one bin and as the stock runs low and a further supply is 
received it is placed in the second bin. No material is issued from this 
bin, however, until the first bin is emptied. Notwithstanding the addi¬ 
tional space required, the system is in fairly common use. E'igure 143 
shows a stock and receiving room in the Federal Sugar Refining Com¬ 
pany, where both bins and shelving are used. 



(Courtesy of the Berger Mfg. Co.) 


Figure 143. Stock Room of the Federal Sugar Refining Company 


When liquids need to be stored, suitable tanks, barrels or other con¬ 
tainers are provided. The delivery of liquids at a distance from the supply 
is often accomplished by means of pipe lines using pumps or gravity, thus 
reducing hazards, and conserving nearby space needed for other uses. 
There are, however, standard racks, especially designed for holding bar¬ 
rels, which conserve floor space and place the containers in convenient 
position to drain. 

Special arrangements will need to be made for fragile goods or those 
which are inflammable. Chemicals need to be in rooms which are neither 
too hot nor too cold and which have the proper humidity. 

The space occupied by cans cau.ses companies manufacturing them to 
maintain stocks of sheet tin in sufficient quantity to handle fluctuating 
demands. Some companies carry stocks varying in value up to one million 
dollars. As tin stock corrodes easily when exposed to moisture a constant 





Figure 144. A Section of Steel Storage Bins 


temperature must be maintained sufficiently high to prevent condensation. 
This is frequently provided by automatic gas-fired humidifiers. 

Wood or Steel for Shelving.—Pressed steel as a material for build¬ 
ing stores room shelving, bins, skeleton frames, racks, drawers, cup¬ 
boards, and compartments is in almost universal use. It is scientifically 
designed and constructed to carry any desired load. Developed on the 
unit principle, it is put up in sections quickly without special tools, 
enabling tlie storekeeper to change his arrangement at will without loss 
of any parts. Adjustments are possible every three inches vertically as 
well as horizontally, so that the bins can be adjusted to the quantity of 
stock instead of adjusting the stock to the bins as is often done in wood 
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equipment. Installations are elastic, and may be moved and re-erected 
elsewhere. Parts are adjustable and interchangeable. They offer a perma¬ 
nent investment with little depreciation. While wood has the advantage 
of cheapness, it is likely to prove a fire hazard, to break down and wear 
out. Makers of steel equipment claim a saving of from 10% to 30% of 
storage space by use of steel, and a greatly improved appearance of the 
stores room. 

Location of Stores Areas.—Stores departments should be so located 
and administered that they contribute to lowest possible costs of manu¬ 
facture. It is seldom possible to locate and operate them ideally, unless 
the problem is fully considered when determining departmental layouts. 
In this connection the preparation of charts showing the flow of materials 
from stores to operations and from one operation to the next is very 
helpful. The necessary organization of personnel is an influencing factor; 
the methods and equipment which can be utilized in handling the mate¬ 
rials are important. For these reasons, physical nearness of materials to 
place of use is not necessarily essential, and at times is not even desirable. 

Straight-line movements of material and product suggest the location 
of raw material stores adjacent to the point where operations begin, and 
finished stock storage near completion point and adjacent to shipping 
platform. Factors influencing choice of location are: need of protection 
from the weather, manner of handling, storage equipment necessary, 
quantity carried, frequency of use and difficulty of handling, value, fire 
hazard involved, weight, and space requirements. In small plants produc¬ 
ing one or a few products stores locations are as a rule easily and logically 
arranged; in large plants with diverse products and many departments 
the problem is complex. 

The possibilities of gravity deliveries suggest stores locations on top 
floors, but the utilization of such space is usually more valuable for manu¬ 
facturing, and the weight of materials to be stored might necessitate 
special building construction. Where raw materials are reduced in size 
and weight, manufacturing may logically progress upward through a 
building with completion on the top floor, utilizing gravity for delivery 
into storage areas below, or onto shipping platforms. In the manufacture 
of puffed wheat and rice, raw materials are elevated to the top floor at 
the rate needed. They are ‘‘shot from guns'’ into hoppers, from which 
movable bins on the floor below are filled. These are wheeled to one side 
into storage reservoirs or directly over chutes which convey the grain to 
the packing machines on the next floor below. As the cartons are filled, 
packed in boxes, and sealed for shipment, gravity conveyors are utilized 
to carry the product to intermediate storage areas or directly to waiting 
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cars several stories below. Many light-weight products may be handled 
in a similar manner. 


Centralized or Decentralized Locations.—Whether or not stores 
are centralized or decentralized, unity of control should usually be estab¬ 
lished. Personnel may then be shifted readily to meet demands made 
upon one section or another, or for special work of inventories. Like¬ 
wise, stocks may be shifted in accordance with departmental needs. 

A single stores room means fewer employees, less area of floor space 
used, easier supervision, and more effective control. Decentralized stores 
may be more convenient for operating departments, lessen transportation, 
and bring storekeepers in closer touch with those they serve. Certainly, 
control and responsibility should be centralized and methods and operat¬ 
ing practices uniform. In general, this policy brings the same advantages 
which accrue from specialization of effort in other activities. 

A plant manufacturing lines which are dissimilar will likely encounter 
stores problems which make a central stores room undesirable. Concerns 
manufacturing stock foods, veterinary remedies, family medicines, tablets, 
toilet articles, extracts, and those which prepare soaps, spices, baking 
powder, and similar products for distribution would need departmental 
storage areas. The diversity in character of materials to be stored calls 
for totally unlike equipment and care. The taste of some finished prod¬ 
ucts would doubtless be affected by the grouping of raw materials of 
this character. 

In the metal trades industry and many lines combining the use of 
metal and wood or other parts, worked materials and purchased parts 
constitute an important element of stores. Many companies produce 
10,000 component parts, and some over 100,000, which are combined in 
a relatively small number of sales items. Problems of intermediate and 
final storage of parts present themselves. Whether or not a finished 
product from one department shall be stored near place of completion 
or subsequent use will depend upon availability of suitable storage areas, 
manner of transportation, whether received in small quantities or large, 
how issued, and other considerations. Totally finished parts will logically 
be centralized near points of final assembly. A tractor manufacturer ha^s 
arranged his storage of finished parts parallel to the assembly line, with 
stores needed at each assembly point close at hand. 

Arrangement of Stores.—Storage areas and rack, bin, or shelving 
space may be readily identified and found by a system of numbers and 
letters which serves the same purpose as street numbers and names. 
Figure 145 shows a stores room layout and typical method of space 
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designation. Certain general principles are followed in using letters and 
numbers for this purpose : 

1. Letters and numbers are used alternately. 

2. Letters are used for those divisions which are fewest in number. 

3. Numbers are used for those divisions which are most numerous. 

4. Both numbering and lettering are started from floor or walls, in 

general, upward and outward in the direction where additions 
or reduction in space requirements would be made. In this 
way no confusion results from possible changes of this kind. 

The shaded area indicated in Figure 145 would be designated as 
A 2 C, with a further number depending upon its position in C. If 
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Figure 145. Example of Stores Room Layout and Sj^ace Designation 

smaller divisions need to be identified, the number of letters and numbers 
at top and end may be increased. Doubling them would give an index 
for each one-fourth of the space indicated by the symbol given above. 

Classification of Stores.—When a mnemonic classification is used for 
stores and worked materials they may be placed in the stores room in 
the alphabetical arrangement called for. No further indexing is neces¬ 
sary, as the location is fixed in the same way that the position of a word 
in the dictionary is fixed. With the adjustable shelving, bin, and cup¬ 
board arrangements possible with modern steel equipment, quite a variety 
of parts may be housed without difficulty. If the storage equipment 
required for a succession of articles as they appear in the classification 
scheme varies too greatly, the scheme will break down because of the 
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number of exceptions \vhich will need to be made. Variations in weight, 
bulk, the manner of storage, frequency of use, and difficulty of handling 
and varying characteristics of the article influence the successful use of 
t he plan. Articles which vary greatly in weight may be classified so as to 
come next to each other, or heavy articles at the top of bins and light 
ones near the bottom. Again, textiles or paper may need to be kept 
separate from articles which give off dust, and from injurious liquids. 

Changes in the stock carried or additions necessitate changes in 
arrangements and equipment and these are not easily made. To anticipate 
growth may mean a waste of space. 

Indexing the stores locations and placing materials and parts in these 
spaces may prove advantageous. With this method less difficulty is 
experienced in providing proper storage equipment for each item, in 
placing frequently used items near at hand, placing heavy parts where 
handling w’ill be at a minimum, or placing near together those items 
which are issued at one time for assembly. To find a given item refer¬ 
ence to the index is necessary, if locations are not memorized, providing 
this information is not given on the requisition. Usually stores room 
attendants will soon come to know the location of nearly all items. When 
new items are added to the stores no new arrangement of stock is neces¬ 
sary. In large stores rooms the stock may be subdivided among section 
storekeepers, each of whom becomes thoroughly familiar with his stock. 
There is then little need for indexing, except to designate the proper 
section. A growing tendency is to eliminate all possible clerical work 
and ‘‘form” control, in the interest of simplified practice. More reliance 
is placed on men and less on written orders and mechanized procedures. 
One firm writes: ‘Tt has been our experience that with a reasonable 
amount of supervision those concerned in storekeeping will generally 
arrive at the best and quickest way to do things.'' 


Issuing Materials.—All goods coming into stores rooms or withdrawn 
from them must be accurately accounted for. In most cases withdrawals 
are by individual requisitions calling for small quantities of a given 
article. These may be made out by the foreman of an operating depart¬ 
ment or a clerk in the production control department depending upon the 
system employed. They are received by a stores clerk who issues the 
material over the counter or places it at the dispo.sal of truckers for deliv¬ 
ery to a designated place. Those issue tickets received via shop mail 
which call for materials delivered to the operating departments, are 
accompanied by route tags, which when attached to the stock provide 
instructions for the move men. With mass production and the elimina¬ 
tion of individual requisitions for materials, there is nevertheless the 
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Figure 146. Material Requisition Form 

necessity for definite records of receipts and deliveries. These can be 
summarized in total quantities for a given date on prepared forms which 
show delivery points and indicate use. Supplies also may be issued to 
departments in quantities in accordance with estimated requirements, to 
be reissued to individual workmen as needed. Workmen are under no 
circumstances allowed within stores enclosures. 

Delivery of Materials.—The Monarch Machine Tool Company, 
Sidney, Ohio, worked out an ingenious method of delivering parts to 
men on sub-assembly lines, where a variety of different units must be 
assembled in small lots. 

The conventional method of solving such a materials handling problem 
is for the stock room to bring a supply of parts to each assembler and pile 
them up on his work bench. . . . 

Here, however, we solved the problem with specially designed cabinets 
that serve both as delivery trucks and storage units. These parts-assembly 
trucks, loaded in the stock room with the detail parts conveniently placed in 
handy compartments, are wheeled to positions alongside the workmen’s 
benches in the assembly department, and left there. 

The parts are only removed as they are needed. In this way, no time 
is lost in transferring parts from truck to bench, and the parts are con¬ 
veniently located, kept clean and free from damage or loss.i [See Figure 
147.] 

The Use of Bin Tags.—It is fairly common practice to keep bin tags 
with each lot of material, and to require clerks to make entries of 
each replenishment of stock and withdrawal. Experience shows the like- 


^ “Trucks Serve as Storage Cabinets Too,” 
Vol. 98, No. 1. 


Factory Management and Maintenance, 












Ch.3o] MATERIALS CONTROL 525 

lihood of stores clerks neglecting to make entries,^ of tags becoming lost 
or illegible, and of failure of the idea to work successfully. The less ’ 
clerical work that devolves upon workers not accustomed to it the better. 
For this reason, when the system employed calls for requisitions for 
purchases to originate in the stores room, it may be advisable to devise a 
plan which eliminates such work as a part of the regular routine. To 
save the time of the storekeeper in writing such requisitions, and to insure 
that clear and complete information of materials desired was supplied to 



Figure 147. Special Cabinets Serve Both as Delivery Trucks and Storage Units 

on Sub-assembly Lines 

the purchasing department, the Chicago Pump Company instituted the 
following procedure: 

Three bins tags are provided for each item; red, yellow, and buff for 
raw material; and blue, pink, and buff, for finished part stock. On the 
yellow tag for each bin arc written predetermined maximum and minimum 
quantities, the part number of the stores item, and under the heading 
“Description,” is written the complete commercial term that is used for 
ordering the material. As the yellow tag will serve as a purchase requisi¬ 
tion, it can readily be seen that the description must always be on it. The 
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location of the material is a very important feature, too, for checking up 
on material after the yellow tag has been turned into the office. 

A second minimum stock figure, usually about 25 per cent of the mini¬ 
mum on the yellow tag, is recorded on the red tag. This second minimum 
figure serves as a double check on the purchasing department and a warn¬ 
ing to replenish the stores item before it is entirely exhausted. The balance 
of the data is a copy of the information given on the yellow tag. 

The part number and a short description of the stores room item are 
entered on the buff tag. The minimum and maximum figures can be elimi¬ 
nated. 

With all tags on the bin, the yellow tag sent to the purchasing depart¬ 
ment is a signal to order a supply as indicated. Receipt of the red tag is a 
warning that the supply on hand is nearing an end, and prompts the pur¬ 
chasing department to “trace” expected delivery of quantity ordered. 

The same system is used in the finished parts stores room, but here the 
blue bin tags become an order on the machine shop to make the maximum 
number of parts and the “double check,” or pink card, notifies the foreman 
to speed up on the most needed items. 

This method is typical of effort designed to reduce the clerical work 
involved in stores operation, reduce costs, and provide legible, accurate 
requisitions. It is fitting procedure to the personnel. 

The Perpetual Inventory.—The perpetual inventory is the heart of 
the materials control system in a jobbing or special order manufacturing 
company. Reference to it will give the amount of stock on hand for any 
item and other valuable information relating to the ctnitrol of stores. 
Under this system a loose-leaf ledger is kept with a sheet for each item. 
(See Figure 148 .) This ledger is kept by the balance of stores clerk in 
the planning room of the production department. As customer orders 
come through the engineering department in the form of hills of mate¬ 
rials, information is provided in detail of material requirements. The 
balance of stores clerk by an entry on this form reserves the material 
necessary in connection with each item, or indicates that it is not carried 
in stock and is to be purchased. A check on accuracy of entries is secured 
by balancing quantities available or held in reserve for orders, as indi¬ 
cated by columns 5 and 6, with the balance on hand plus any amount 
ordered but not yet received as shown by columns 4 and 1 . 

Balance of stores sheets vary in data recorded. Other forms provide 
columns for keeping a money valuation of material handled. Practice in 
the example shown is to keep money values in the accounting department, 
where several thousand stock items are grouped in 13 classes. In some 
cases balance of stores records are maintained in the stock rooms, or in 
the purchasing department. Use of the sheets entails a system of requisi- 
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tions and entries for each addition to or withdrawal from stores. These 
furnish accounting data and a check on detail use, but in mass produc¬ 
tion are too burdensome. 

Advantages of Perpetual Inventory Records. —The balance of 
stores sheet insures effective control of stores. It represents the will and 
intelligence of the executive in action, and suggests what should be 
achieved if other methods of control are found more applicable. In par¬ 
ticular, it (1) regulates stock quantities; (2) controls quantities and time 
of purchasing; ( 3 ) places definite responsibility; ( 4 ) reduces theft; 
( 5 ) eliminates much waste and misuse of materials; (6) prevents ac¬ 
cumulation of obsolete material; ( 7 ) facilitates substitution of materials; 
(8) lessens depreciation; ( 9 ) facilitates accounting; ( 10 ) makes pre¬ 
planning successful; (11) saves time of workers; and (12) provides a 
perpetual inventory of stock. The ultimate results are uninterrupted, 
low-cost production and prevention of many wastes. Quantities of any 
item may be learned by reference to the records; the total value of inven¬ 
tories may be ascertained by taking a trial balance • and a record is pro¬ 
vided of the use of all goods issued. 

The minimum quantities stored in each instance are dependent upon 
the rate of use of the item and the time interval necessary to replenish 
the supply as detailed more fully in the chapter on purchasing. Produc¬ 
tion must not be hampered by lack of materials w'ith which to work. A 
study of each item along the lines indicated will obviously prevent hap¬ 
hazard ordering, largely eliminate excess stocks, and assure continuity 
of operation. Even for small plants the gains will far outweigh the 
expense of the procedure and the control exercised wields a definite influ¬ 
ence on morale. 

Maximum and minimum figures need to be revised and kept in har¬ 
mony with seasonal demands and business conditions. Each requisition 
may be submitted to the further test of executive judgment before 
orders are placed. An executive officer in charge of stores for the Uquid 
Carbonic Company, says: ‘Tt is the ambition of every superintendent and 
foreman to have enough stock to w^ork with; this ambition unless care¬ 
fully watched will soon lead to a very high inventory, especially when 
there are as many minds which have this ambition as there are here.'' 
In this plant, with production budgeted, and automatic control of stores 
quantities provided for within certain limits, final judgment of each 
requisition is made by an officer in charge. System is not carried too far. 

Physical Inventories Needed. —Periodically, an accounting must be 
made of stores and stocks in order to prepare profit and loss statements. 
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to check waste or theft, and to adjust book records with the actual situ¬ 
ation. Seldom are perpetual inventory records^ depended upon alone: 
They are not acceptable to banks or to the government because of the 
probability of error. Likewise it is poor management that depends solely 
upon annual or semi-annual physical inventories for information as to the 
extent and value of its stocks. The loose control and infrequent checks 
suggested by this procedure tend to encourage waste, misuse, and theft 
and make operating costs uncertain and high. On the other hand, as a 
supplement to book records physical inventories are essential. 

Methods Employed.—Physical inventories may be taken in several 
ways: (1) in many plants operations are suspended for the number of 
days which are necessary, annually or semi-annually; (2) in other cases 
special crews start checking two or three months previous to the end of 
the fiscal year, completing their work at that date; ( 3 ) other arrange¬ 
ments provide for a more or less continuous check of stocks and balancing 
with book records. 

Suspension of production activities is objectionable for several reasons, 
not the least of which are the accumulation of overhead cost, the laying- 
off of many employees, and the loss in production. Nevertheless this is 
the practice followed in many mass production plants because of their 
special operating methods. In automobile factories, for example, the 
period taken for model change-over is utilized to count the inventory at 
the same time that retooling and new layouts are accomplished. 

The foremen, clerks, and labor employed in the work often are inex¬ 
perienced and unreliable, and because of lack of interest, sacrifice either 
speed or accuracy. Unless a perpetual inventory has been kept through¬ 
out the year the records obtained do not provide a clew to the uses of 
materials issued. Control is lacking. At any time between the taking 
of inventories definite knowledge of what is on hand may be obtained 
only by actual count. 

These disadvantages may be overcome in part by the establishment of 
inventory departments, if justified, which preplan the work in every 
detail well in rdvance, and train a staff in actual work of physical count¬ 
ing and procedure to he followed. Then by extensive preparatory work, 
manufacturing operations are interfered with for a minimum of time. 

In the second method suggested above there is less interruption to 
business, and if the inventory work is done by workers in the respective 
departments, results w^ill be more reliable. As the count progresses tags 
are left on each lot of material checked, and additions to or subtractions 
from the quantity checked are noted on the tag. At the completion of the 
inventory all tags are taken up, and the figures balanced for that date. 
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Making Continuous Counts. —With this practice accuracy is assured. 
In a tractor plant, as material is received, a bin tag is made out and ac- 
companies the material to its proper destination in the stores department. 
A physical count is then made of the quantity being received, and entered 
on the new tag. The old tag is removed from the bin and notation is 
made upon it of the actual quantity remaining in the bin and tlie quantity 
received in the new shij^ment. It is then sent to the stores ledger clerks, 
where proper entries and adjustments are made. In this fashion a 
physical count continuously supplements and checks book records. 

In some plants the physical inventor}’ is being taken continuously by 
men whose full time is given to the task. Tliey may work over the stock 
in an established routine, or minimize the work by counting each day 
those items which the records indicate are approaching “minimiinr* quan¬ 
tities. Another company requires that the clerk in the stores room, when 
issuing material, note on the stores issue slip the amount of the item yet 
on hand as indicated by the bin tag. The issue slip then goes to the 
balance of stores clerk, who records the transaction and checks liis balance 
against the figure as given. W’ith any of these ])lans each item is counted 
at least once a year and the balance shown in the materials ledger ad¬ 
justed, if necessary. 

Classifications of an Inventory. —A comi)lete inventory will be 
divided into several classifications, which may be as follows: 

1. Plant—buildings and grounds. 

2. Machinery and permanent equipment. 

3. Production materials—materials of every kind which enter into 

the final product, including materials in process. 

4. Expense materials—all incidental materials and sui:)plies needed 

in completing the product, but which do not become a part of 
it; also perishable tools. 

5. Semi-finished stock—finished unit parts, unit assemblies. 

6. Finished product. 

The necessity of taking an inventory of machinery, permanent equip¬ 
ment, and tools, excepting perishable items such as hammers, drills, etc., 
is obviated by the maintenance of a card index covering such items. As 
changes occur during the year adjustments are made on these cards. The 
same applies to plant and building items. If desired, a physical check 
may be made each second or third year in entirety, or a part of the work 
done each year. In the case of perishable tools and supplies, when once 
issued these are usually charged off, although continued in use for a con¬ 
siderable time in some instances. 
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Inventory Procedure. —The actual taking of the inventory calls for 
several distinct steps of procedure: ' • 


1. A physical check must be made by counting, ^yeighing, or 

measuring. 

2. The material must be identified as a particular stores item, and 

described accurately. 

3. It must be checked for condition, suitability for use intended, 

possible obsolescence. 

4. The preceding steps must be checked. 

5. The data gathered must be transcribed on specially prepared 

sheets. 


To facilitate the accomplishment of the first step \ arious counting and 
weighing machines are available, which are at the same time more accu¬ 
rate and speedy than manual effort. Although hand-counting may result 
in errors of only 2% or 3%, the cumulative error may be important if 
the quantity is great. Even very heavy parts may be readily weighed on 
lift trucks. Accuracy of description and identification is obtained and the 
work speeded up, if inventory cards with printed descriptions of the 
materials are attached to each bin in advance. 
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TOOL CONTROL 

Tooling and Tool Control. —A final step in the analysis of manufac¬ 
turing requirements for the production of an article is the determination 
of the correct tools needed in performing eacli operation on every part. 
Proper tools are indispensable to quality manufacture, influence the 
amount of work done, and consequently affect costs. Small tool costs 
amount to many thousands of dollars even for relatively small plants, 
and for large plants may amount to a million or more annually. 

The selection of the precise tool for each operation is an engineering 
problem which requires considerable analysis. Tooling lies at the foun¬ 
dation of all manufacturing operations, and new products or model 
changes must frequently be preceded by months of tool planning and 

PRODUCT ) 

I 

SUB-ASSEMBLIES 
I PARTS 

NEE DED TOOLS FOR ALL OPERATIONS 

Figure 149. Tool Breakdown Chart 

procurement. In planning the kinds and quantities of tools needed the 
final product is broken down into its sub-assemblies and their parts, and 
all manufacturing processes analyzed. 

The tooling problem is present not only on the introduction of new 
products or models but also arises whenever a change in manufacturing 
procedure occurs. Tool control, on the other hand, is the problem of 
maintaining the stocks of tools decided upon by the production engineer¬ 
ing department and seeing that these are available when and where 
needed and in good condition for work. 

Responsibilities of the Tool Room. —The term "'tools” includes jigs, 
dies, templates, fixtures, and other accessory equipment used to effect 
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some change in form. As a non-productive department, the tool room 
cannot show profit, but losses may rapidly accrue from its maladministra¬ 
tion. These arise from lost time of workmen, idle machine time, lost 
tools, theft, damaged tools, insufficient or excessive stocks, and improper 
maintenance. A tool room that is managed and operated on a productive 
basis with the same degree of thought and efficiency as other departments 
can show comparative results. Costs of operation may be checked against 
allowances for tool cost and tool room service. Upon the tool depart¬ 
ment rests responsibility for (1) having available proper tools as needed; 
(2) procedure for issuing and receiving tools; (3) safe and proper stor¬ 
age; (4) repair and maintenance; and (5) tool records and inventories. 
The problem of tool control differs from that of material control in that 
tools are usually returned and put in condition for further use, while 
materials become part of the product. 

Methods of Tool Distribution.—In erection or assembly departments 
it is customary to provide each workman with a set or kit of tools cover¬ 
ing his needs; these he retains as long as he is on the particular job. 
Replacement of worn, damaged, or lost tools is made at the crib, where 
he will also get any special or extra tools needed, returning the latter as 
soon as he has finished with them. Nearness of the tool room is of less 
importance with this method of distribution and the number of men 
served each day is relatively few. 

When standard parts are being produced, and in other cases when 
operations have been standardized, it is possible to predetermine tool 
lists and issue proper tools to the workman either at the tool room 
window or at his machine. Thus one careful planning of tool needs 
suffices, relieving the worker of this task, and assuring the selection and 
availability of the best tools for doing the job. In this case time is saved 
by informing the tool room as operations are posted so that the tools 
required may be made ready in advance. Delivery of tools, drawings, 
and instruction cards to work stations minimizes production time losses 
of both men and machines, and gives the worker opportunity in any idle 
moments to study the next job. 

For active jobs, sets of tools are kept ready for issue, saving time of 
assembling. When tools are grouped into sets, they may be identified by 
one “master’' job number, and one receipt is sufficient for the entire set. 
A copy of the tool list should accompany the set, so that it may be checked 
in correctly when returned. Tools needed by the workman continually, 
as hammers, wrenches, pliers, brushes, etc., need not be charged out by 
checks or tags, but on a card which is kept in a file. Renewals of these 
items are cared for without any paper work by the mere exchange of a 
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worn tool for a new one. A “replacement** requisition, signed by the fore¬ 
man, must be presented by the workman seeking to replace a broken tool. 
Supplies such as chalk, waste, sandpaper, and glue, are issued on the 
foreman’s requisition, which serves as a sufficient record. 

In shops doing a jo])bing business, in tool-making departments, and 
when workmen are engaged in miscellaneous repairing operations, tool 
requirements vary, usually making it advisable for the workman to de¬ 
termine his own immediate needs. These may become known only as the 
job is analyzed and the available equipment studied, ^^'()rk of this char¬ 
acter calls for high grade workmen who are more competent to choose 
tools to advantage than the less skilled workers utilized for standard 
production. 

Location of Tool Rooms. —The location and number of tool rooms 
is determined by: (1) the character of service required, (2) the con¬ 
venience to the workmen, (3) the cost of administration, and (4) the 
varying requirements of departments. 

A single centralized tool room is more economical to operate than 
several departmental tool cribs. When it serves assembly or erection 
operations, (^r if mass production is carried on, one well-located tool 
room may .supply a large area. This is particularly true when messen¬ 
gers are employed. In smaller plants this is the usual arrangement, but 
as distances increase and the number of workmen increases, the question 
of economy will arise. 

A central tool room with sub-stations strategically located is the usual 
plan in large plants. Eacli sub-crib carries only those tools normally used 
by the one or more departments it serves, de])ending upon the main store¬ 
room for special or additional tools. This arrangement is economical, for 
with the department office adjacent, the workmen may conveniently 
secure both their job assignments and necessary tools in a minimum of 
time. The maintenance of separate stocks may increase tool inventories 
somewhat, but if special, costly, and infrequently used tools are requisi¬ 
tioned from a central source the arrangement may be justified by the 
added convenience to the workmen. Decentralized stocks can be cen¬ 
trally controlled when pneumatic tubes, overhead carriers or dumbwaiters 
are utilized to carry control forms or tools. 

Tool rooms need to be readily accessible, but they must not hinder 
the flow of production, or interfere with manufacturing arrangements. 

Storage Facilities.— Tool room equipment must be flexible, so as to 
permit moving or rearrangement which is so frequently necessary. In¬ 
terchangeable parts and sections are a great advantage. Figure 150 illus¬ 
trates a well-kept tool crib. 
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Pressed steel bins are designed to permit the utmost flexibility in use. 
Units may l)e added or fitted into existing installations to care for in¬ 
creasing or changing needs. Offlce and safe storage sections are readily 
provided. Individual requirements in the way of bins, drawers, sloping 
shelves, cn])l)oards, racks, shelf space for heavy or light weight material, 
may be exactly met, and often combined in one unit. Installations are 
neat in aj^pearance; the Are hazard is low; maintenance costs are small; 
and the s])ace occupied is only about 5% of the total space. While wood 
equipment ma\' be constructed more cheaply, it occupies as high as 20% 
of the space availalde, and is also less desirable in other respects. 

Accessibility suggests limiting the height of tool storage to about 6 
feet. At the beginning ample “fill in'" space should be left for the addi¬ 
tion of new tools, and space for new sections provided. 

YQry heavy tools, such as press tools consisting of double-acting dies, 
temi)lates for blanking tools, and the like, may need to be handled by 
overhead cranes, trucks, or tractors and may require special storage 
facilities. Many other tools, such as shovels, picks, ropes and slings, 
chains, and heavy tools Avith cutting edges, are kept most conveniently 
and safely in racks designed espei'ially for them. 
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Classification of Tools. —For the purpose of identification and inven¬ 
tory it is customary to classify all tools and mark each with a distin¬ 
guishing symbol. Three general methods of classification are in use: 
(1) straight numbering, (2) the Dewey decimal system, and (3) the 
mnemonic lettering system. 


Table 20. Numerical Key Sheet—Dewey Decimal System * * 
(Applied to general classes of tools) 


1. Sharp-edged tools. All tools that work by cutting off material, ex¬ 

cept chisels and blanking tools. 

2. Measuring devices . All gauges and instruments of precision. 

3. Jigs and fixtures. All tools used for duplicating work such as jigs, 

fixtures, etc. 

4. Impact tools . All tools that work by impact including chisels, 

hammers, etc. 

5. Wrenches . All tools that work by causing rotation. 

6. Holding tools . Clamps of all kinds, mandrels, nuts, dogs, etc. 

7. Fire tools . All tools that are used for melting, heating, weld¬ 

ing, etc. 

8. Transportation tools . All tools that are used in moving materials. 

9. Miscellaneous . All tools not otherwise classified. 


* Tool Control, by A. L. Christensen, p. 15. 


The straight numbering system is frequently used for small shops 
because of its simplicity. It supplies inventory information, but the sym¬ 
bol gives no clue to the kind of tool. Consecutive numbers may indicate 
totally unlike tools. Therefore the tools cannot be stored by number 
sequence, and when called for the tool room attendant must consult an 
index in order to identify and locate them. 

The Dewey decimal system provides a symbol which, in addition to 
its value for inventory purposes, serves to describe the tool. With this 
system the first digit is usually used to indicate the general class to which 
the tool belongs. (See Table 20.) 

Further differentiation may be made in each group to the extent con¬ 
sidered essential for ready and positive identification of a tool by its 
symbol. For example, considering the items of drills and taps, which are 
sub-groups of sharp-edged tools, this system would show: ^ 

1.1 Drills 

1.11 Twist drills 

1.112 Taper shank twist drills 

1.1123 High-speed twist drills with taper shanks 

1.11234 High-speed taper shank twist drills of standard length 


^ Tool Control, by A. L. Christensen, p. 15. 
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1.2 Taps 

1.21 U. S. Standard taps 

1.212 U. S. Standard taps with machine shanks 

1.2123 U. S. Standard high-speed taps with machine shanks 

As the cipher '* 0 ** is usually not used because of possible confusion 
with the letter “O,” each digit position is limited to nine divisions. This 
may prove a disadvantage. Another objection is that when the symbols 
are not in themselves suggestive of the article, and when six or seven 
numbers are used it becomes difficult to associate the tool with the 
symbol. 

The mnemonic system of nomenclature has the advantage of giving 
greater flexibility, and at the same time providing symbols which from 
their connection with the name suggest the tool described. Twenty-two 
divisions of each digit position are possible with the alphabet, omitting 
the use of I, O, U and V, because of possible confusion. The tools 
may be divided into groups according to use, and further divided into 
sub-groups according to differences. Table 21 gives a general classi¬ 
fication. 

In subdividing the general group Measuring Devices,'^ the first con¬ 
sideration is the different kinds of such instruments. These are as indi¬ 
cated in Table 22. 

The symbol MG would thus describe a gauge. Gauges are of various 
kinds, such as caliper, depth, alignment, etc. The symbol MGC logically 
suggests a caliper gauge. As caliper gauges may be of several types a 
more accurate description may be required to identify a particular in¬ 
strument. If it is an “internal” caliper gauge, the symbol MGCN is 
applicable. Still further differentiation is possible by the addition of more 
letters. Without confusion, sizes may be indicated by numbers in con¬ 
junction with the letters, which is not readily possible with either of the 
number systems. 

Tool Room Control Systems, —Methods of controlling tool issues 
include: (1) the single check system, (2) the double check system, (3) 
the triplicate slip system, and (4) variations of the check and slip 
systems. 

The Single Check System. —^With this plan each man is given a cer¬ 
tain number of brass or aluminum checks bearing his payroll number, 
which may be exchanged for needed tools. It is frequently desirable to 
restrict the use of tool checks to the department where the worker is 
employed, to prevent the misuse of lost checks and to localize tool dis¬ 
tribution. When a check is exchanged for a tool the check is hung on a 
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Table 21. Key Sheet for Mnemonic Classification of Tools * 


General Tool Groups 


A. Abra ding tools.All tools for filing, grinding, scratching, scrap¬ 

ing, etc. 

B. Blanking tools.All tools for blanlcing, bending, drawing, flat¬ 

tening, piercing, shearing, svvedging and trim¬ 
ming. 

C. Clamps and holders.Devices of all kinds, including bolts, nuts, 

screws and washers for holding work. 

D. Drilling and boring tools.All tools that remove metal from interior, in¬ 

cluding drills, boring bars, cutters, lathe- 
boring tools, reamers, taps, and holding de¬ 
vices for this class. 

F. Heating and lighting tools. . . All tools used for melting, molding, tempering, 

and annealing. 

H. Hammers....All tools that work by striking or being struck. 

J. Jigs, fixtures and templates.. .All instruments for duplicating W’ork. 

Al. Pleasuring devices.All gauges and instruments of precision. 

P. Paring tools.All tools that remove ehiT^s from surfaces (ex¬ 

cepting slotting and milling tools). 

R. Revolving cutters.Including milling cutters, gear holis, circular 

saws, etc., and holding devices for this class. 

S. Slotting tools, etc.Including hack saw' and slotting machine tools. 

T. Transportation tools.All tools used in moving materials. 

W. Wrenches.All hand tools cau.sing rotation, except die hold¬ 

ers and tap wrenches. 

Z. Special or miscellaneous tools. 


* Tool Control, by A. L. Christcn&cn, p 21. 


Table 22. First Stage of Breakdown of Measx^ring Devices f 


M - Measuring Devices 
All gauges and instruments of precision 


MA 

B - Bevels 

C - Calipers 

D - Dividers 

E ~ End measuring rods 

F - Reference disks 

G - Gauges 

H - Pressure gauges 

“ Electrical 
L - Levels 
M - Metering 


MN - Indicators 
P - Protractors 
Q - Squares 
R - Rules 
S - Scale w'cighing 
T ~ Timing device 
U - Plumb bobs 

V - Verniers 
W- 

X - Heat measuring 

Y - Miscellaneous 
Z- 


t Tool ClassificatioTi, by Frank B. Gilbreth. 
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bin hook, and when the tool is returned in good condition the check is 
removed and given back to its owner. The system is simple and may 
suffice in relatively small shops where the attendant is able to supple¬ 
ment such control by personal knowledge. When total dependence is 
placed on the system it is open to various objections. Checks are knocked 
off the hooks, placed on wrong hooks or lost. These possibilities enable 
a dishonest employee to return a cheap tool in lieu of a costly one and 
claim a check. The extent of the task makes it difficult to check all bin 
hooks. There is no way of knowing what tools are issued, or the time 
they are kept out. A workman lacking tool checks may borrow them and 
secure tools, a practice which causes confusion. Tool checks are fre¬ 
quently lost by ])eing sent to the laundry in overalls, otherwise mis¬ 
placed, or stolen. Although a nominal charge of $.25 or $.50 for lost 
checks may he made, there is no certainty that such checks may not have 
been used to secure expensive tools. 

However, hooks can be used from which checks are not readily 
knocked off. Also certain classes of tools such as jigs, fixtures, punches 
and dies, special chucking jaws, boring bars, forming tools, machine 
attachments and appliances are protected from theft by their weight, 
bulk, or ina])])lical)ility to any use except that for which they are pri¬ 
marily intended. These tools are used only on specific work and are not 
in coiLstant use. The brass check system serves admirably for their 
control. 

The Double Check System. —A certain number of checks are issued 
to each mechanic as in the previous system. Within the tool room there 
is hung near each tool a metal disc Ijearing the same symbol stamped 
upon it as upon the tool. Adjacent to the issue window a “tool board” is 
])rovide(l with a hook, properly numbered, for each workman. When a 
brass check is exchanged for a tool the former is hung upon the bin hook 
from which the tool check is removed. This is hung on the workman’s 
hook at the tool board as the tool is issued. A survey of the tool board 
gives information of tools which are out and who has them. If all the 
tools arc required to he turned in at quitting time opportunity for dis¬ 
honesty is largely decreased. However, as ordinarily used, the plan is 
oi)cn to the same abuses as the single check system. Losses, over and 
above breakage, are estimated to vary between 15 and 25% with the use 
of the brass check system. 

The Triplicate Slip System. —^With this system three copies of the 
tool requisition are made by the workman at one writing, each of a dis¬ 
tinctive color. Compactly, in a cabinet or on a wall, there is provided 
on a series of leaves a spring clip for each tool carried in stock, and one 
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for each workman. Each clip is suitably marked with the symbol of the 
tool, or the man’s name and payroll number which it represents. When 
the workman receives a tool the first or white copy of the requisition is 
placed under the man’s clip, and the second, a pink slip, under the tool 
clip, while the third, a yellow one, is given to the man and serves as his 
record. When the tool is returned both slips on file are removed and 
the white slip is given to the workman who destroys it. The white slip 
only should be considered a charge slip. 

If the number of tools which can be drawn is limited, a list of them 
may be printed on the requisition slips, and those wanted simply checked. 
If the tool list is large a description of the tool, usually by symbol, will 
need to be written. To facilitate the issuing of several tools on a single 
requisition, the slip may be so divided that a description of one tool 
only is written in each space. The man signs the slip with his name and 
number. The attendant will then stamp the man’s number, the requisi¬ 
tion number, and the date on each division, and place it under the 
proper tool clip. 

This system of tool control furnishes a signed receipt by the workman 
for all tools issued to him. It establishes responsibility for all tools issued, 
and is ^‘foolproof” in that misplaced slips can be returned to proper 
places. Dishonest mechanics will find it difficult to “beat” the system. 
When tools are expensive and of a kind easily appropriated, this system 
is necessary. 

It has certain disadvantages in that the installation is more costly, 
and it is somewhat more expensive to operate, although not slower. 
Many workmen make hard work of writing, and attendants may need 
to assist in making out requisitions. When McCaskey registers are used, 
the cabinets may be closed and records locked. At the Worthington Pump 
and Machinery Corporation plant, tool boards with clips occupy a space 
25 inches wide and 10 feet long, holding a complete record of 40,000 tool 
items, or 4,000 items per foot of width. 

A Tag System. —This system involves less paper work and the use 
of less equipment than the triplicate slip system. When an employee 
draws out a tool, the tool room attendant writes the name or symbol of 
the tool on one side of a small paper tag, on the other side the man’s 
clock number, below which the man signs his name. The tag is then 
hung on the employee’s hook on the tool board. When the tool is returned, 
the tag is taken from the board and returned to the workman, who must 
destroy it. If it is important to know the location of tools in the shop 
a second tag bearing the worker’s clock number can be placed in the tool 
compartment. 
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Tool Room Records and Inventories. —The establishment of a tool 
room or sub-crib presupposes a decision with regard to the variety and 
extent of the stock to be carried. The data should be prepared in a 
permanent form. 

A separate card may well be kept for each item, giving the tool 
symbol, quantity, sizes, description, unit and total prices, its location in 
the tool room, dependable sources of supply, and space for remarks 
covering service. The record of special tools should specify the items of 
the product on which they are used. These data provide a ready refer¬ 
ence when purchases are being considered, adjustments are made for 
broken or damaged tools, or values are being placed on tool kits. 

Many kinds of tools wear out, or are broken or lost, necessitating 
replacement. To keep track of such losses and replacements a balance of 
tools form is used, which is similar in function to the balance of stores 
sheet used in the stores department. Columns are provided for purchase 
information, such as the date of order, quantity ordered, delivery date, 
date received; also for a record of tools charged off. The maximum and 
minimum number of the unit to keep in stock, and the number to order 
is given. The first entry on this form would be the quantity on hand and 
the date of inventory. Subsequent additions by purchases, minus losses 
as recorded, provide a book balance, which should be checked by frequent 
physical inventories. 

Frequent, unexpected checks on tools in the hands of workmen are 
desirable. They serve to remind him of the value of the tools which are 
charged to him, check possession, prevent borrowing of tools from others 
in order to pass inspection, and suggest the return of those not needed. 

When the use of a tool is discontinued for any reason a complete 
report should be prepared giving the reason, together with any informa¬ 
tion which will be of value to those responsible for purchasing, design, 
or the successful use of tools. A study of the tool’s history together with 
suggestions from the operation department for improvements, often leads 
to worthwhile changes. 

Tools are readily classed in two groups—^permanent and perishable. 
Only the former are carried on the inventory records as an asset. The 
latter group when issued to the tool room are charged off as an expense^ 
although possibly serving a useful life for some time following. 

Keeping Inventories Down. —^Tool inventories may easily become 
10% to 50% larger than what is necessary for efficient production. Tools 
are bought or made to be used, and when they remain idle while they 
might be put to use, costs mount. Expensive and infrequently used 
tools that are needed in more than one department may be placed in a 
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centrally located crib and obtained from there, rather than keeping dupli¬ 
cate stocks. Production should not be hampered by lack of tools, but the 
planning department can see to it that certain expensive tools are not 
scheduled for use in two departments at the same time. 

Workmen frequently keep tools at their machines or benches long 
after the use for them is past. An effective method to get unneeded tools 
returned is to supply each workman with two large and strong j^aper bags 
just before quitting time. On one bag is printed “Tools to he returned to 
me,’’ and on the other one, “Tools to he turned in.” The workman sorts 
his tools into the two bags as indicated, signs and dates the bags, and 
leaves them at the crib as he passes out of the plant. 

Besides inducing the workmen to turn in the tools they no longer 
require, this device j)ermits tools in use to be regularly inspected and 
repairs and replacements made when necessary. It is economical in time 
used and results in a more fluid inventory. Missing tools are charged to 
the account of the worker res})onsible. 

Utilizing standard tools and adhering to standard sizes whenever 
possible will aid greatly in maintaining smaller inventories. 

Purchasing versus Making Tools.—For the ordinary plant to 
purchase tools rather than make them is the accepted general ])olicy. This 
concentrates such work in the hands of specialists, usually assures con¬ 
siderably lower costs, and leaves the firm free to concentrate its energies 
upon manufacturing its particular product. 

In small plants, tool-making departments are often maintained for the 
making of those tools and appliances which are special for the plant, 
particularly those of a temporary character, and for repairing tools. 
Their chief virtue is prompt service. In large concerns these depart¬ 
ments attain considerable importance because of the great amount of 
tool designing and manufacture made necessary in producing special 
orders. The use of machinery and equipment special to the plant in the 
production of monopl}' lines also suggests the greater need of highly 
developed tool-making departments on a production basis. 

Some companies find it advantageous to purchase machines and adapt 
them to individual needs. Because of the recognized advantages of 
specialization, however, the aim is to utilize standard tools and fixtures 
to the fullevSt extent possible. 

Tools of a permanent kind designed for unlimited use call for the best 
product of the tool-maker’s art, and may be designed with removable 
and adjustable parts to facilitate repair. These are logically purchased 
from specialists. Tools of a temporary character, to be used only a few 
times for a particular order, are most often made within the plant. 
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With the receipt of a special order, or the acceptance of a new design, 
a complete list of tools necessary in its production is prepared by the 
production engineering department. A chart may be made showing those 
available, which are to be purchased, and which to be made, with columns 
to show progress in design and purchasing. This will serve as a guide to 
the planning department in scheduling work. Drawings for tools should 
be approved by the superintendent of the department where the job is to 
be done. 

The liquidation of tool stocks of suspended or bankrupt firms fre¬ 
quently offers opportunity for acquiring needed tools at less than the 
cost of making. In purchasing, seasonal price trends in the tool market 
should not be overlooked. 

The production engineering and operating departments should be 
continually alert to possible savings with new tools or with other brands 
than those already used. To this end careful records of tool service 
should be maintained. Progressive plants encourage sellers to demon¬ 
strate the worth of products by practical tests. Considerations besides 
the immediate differences in cost are saving per unit of product, total 
saving, expense of accessory equipment or special appliances needed, and 
any difficulties or hazards involved. 


Control of Tool Costs.—Tool costs and the plant investment in tools 
tend to increase abnormally unless carefully controlled. 

An analysis of tool needs and of tool sendee makes accurate preplan¬ 
ning possible and facilitates budgeting of tool expense. In the automobile 
industry, particularly, this is accomplished. A tool allowance per car is 
made the same as for labor and production expenses. In one instance the 
cost of renewals has decreased 71 % following the adoption of this plan. 
Each foreman is checked as to the amount he is running over or under 
his allotment, and is kept informed of the cost of the tools he uses. As 
an incentive to the use of reconditioned tools, no charge is made for 
them, the first department to which they have been issued standing the 
full cost. For example, a drill worn too short for use in one department, 
when reconditioned, may be serviceable in another, and the same may be 
true of cutters, reamers, and grinding wheels. Tools which for one 
reason or another have been charged off or are infrequently used may 
be displayed and made accessible to foremen and workers, who may find 
advantageous use for them in the work they are doing. 

Another method of reducing tool costs, which is practicable in some 
shops, is to encourage the men to own tool kits. Mechanics take pride 
in the ownership of fine tools, and the management can well afford to 
handle sales on an instalment basis at net cost. Shops adopting this 
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policy report more accurate workmanship, less work at the tool crib, 
lower tool inventories, less theft, and much time saved in obtaining tools. 

Worker cooperation is a big factor in controlling tool costs. The 
efforts of a salvage committee in one plant reduced the number of small 
perishable tools drawn from the stock about 75%, decreased tool break¬ 
age by two-thirds, and caused to be returned to the tool crib nearly $5,000 
worth of tools of all kinds which were not in active use. 

Obsolescence must be constantly guarded against. Investments in 
tools increase due to improvements in tools and the introduction of new 
equipment or methods, with consequent changes in tools used. The 
discontinued production of certain parts or products ‘‘shelves’^ other 
tools. Patterns in a foundry illustrate the short life of special tools, used 
in producing a single product, perhaps a single order. A worthless 
pattern suggests the lack of value in any special tools used in the machin¬ 
ing of the casting. Infrequently used tool equipment is a questionable 
asset. 

In jobbing shops a tool appropriation may properly constitute a part 
of the job estimate and cause tool expenditures to be checked by the cost 
department. Failure to charge jobs with proper tool costs increases 
apparent profits, but inflates tool inventories beyond their real worth. 

Tool Room Personnel.—The head of the tool room should possess 
an understanding of tools that comes from experience in using and mak¬ 
ing them, combined with the qualities expected in an administrator. 
These include the ability to direct men and w’ork in harmony with others, 
to maintain accurate records, and to plan ahead and prepare for produc¬ 
tion department needs. 

Attendants who serve operators need to know stocks thoroughly and 
the uses made of tools in the shop. If intelligent in these respects they 
can function with judgment and correctly interpret inexact and vague 
tool descriptions. Tact, good nature, and honesty are also essential char¬ 
acteristics. These men should become familiar with methods of proce¬ 
dure and control records and policies as a prerequisite of possible pro¬ 
motion to jobs as tool-crib foremen or tool inspectors, or to positions in 
the tool making department. 

Depending somewhat upon the size and scope of the department, 
there will be added clerical help, men or boys to deliver tools, repair men, 
and perhaps tool-makers. This latter group may be so numerous as to 
suggest a foreman in direct charge who plans the work and directs 
operations. In large plants the tool-making department is under the 
direction of the production engineering department. 



CHAPTER 32 


PRODUCTION CONTROL 

The Separation of Planning From Performance.—One of the basic 
ideas of scientific management is that the burden of planning the amount 
and order of production should not be imposed upon those who are 
engaged in actual operations. Two distinct types of activity are called 
for, and they are best performed by different classes of individuals. 
Operating men are anxious to get their work finished and often do not 
care to undertake the tedious details that are necessary for effective 
planning. 

Some planning is necessary in all activities. When it is considered 
that coordinated effort must be maintained between the demand for the 
company’s product, purchasing and storage of supplies, individual manu¬ 
facturing operations, assembly, and many supplementary activities, the 
importance of a unified plan can be realized. With the production control 
or planning department rests the responsibility of weaving all this into a 
master pattern that will result in maximum, speedy, and economical 
manufacture. Its authority is usually limited to utilizing the equipment 
and personnel provided, for it cannot usurp the rights and duties of the 
other departments in their own spheres. 

Coordinating Production v^ith Sales.—^The preparation of a com¬ 
pany budget entails consideration of and decisions pertaining to the 
volume of business anticipated and planned for. The factory planning 
department will endeavor to get results in accordance with company 
plans. It may frequently be helpful to the sales department in correlating 
production with sales, and in furnishing accurate information of delivery 
dates. 

Lyon Metal Products, Inc., Aurora, Illinois, manufactures steel 
shelving, lockers, counters, and fixtures. Formerly customer orders were 
made up from stock, but a shortage of any one item would hold up an 
entire order. A change was made to production according to a quarterly 
schedule list covering all products. Lockers are scheduled in “L” sched¬ 
ules, standard shelving in “S” schedules, and the like. There is actually 
not less than one schedule per week on each product. Salesmen need 
only to refer to schedule lists to note the next production schedules for 
the products the customer wants. Shipping dates are given as well as 
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starting dates. On the day after each schedule is closed to further orders, 
factory departments are advised of the total weight of products the 
schedules call for. This weight factor provides a dependable basis for 
determining requirements in materials, man-load and use of equipment. 

The \V. F. Schrafft & Sons Corporation, Boston, manufactures a gen¬ 
eral line of confectionery. This seasonal business may be charted in 
accordance with judgment and experience, but a better way was found. 
An analysis of sales records disclosed that although total annual sales 
for a given kind of candy varied, the sales for any one month, as 
January, were about the same per cent of the total for the year. By 
utilizing a column of averages it is possible to take the actual sales for 
any given period, say January and February, divide it by the percentage 
of sales for the two months, and obtain an estimated annual sale. If the 
amount sold in January and Fcbruar\ is 6,000 cartons, it follows then 
that the estimated sale for the year is 6,000 divided by 20.27%, or 29,600 
cartons. Every month we determine a new annual estimate. Notice that 
by this method we capture the present trend of sale of a particular item, 
and if the tendency is upward wc automatically manufacture more; if the 
tendency is downward, we manufacture less, and find that we rarely have 
too much or too little. 

Results of Formal Planning.— The in trjoduc tion of aj)lanning depar t- 
ment defiiiitely se2:)arates planning from performan^. Workmen are left 
free to do the work as planned and arranged for; foremen to coordinate 
efficiently and utilize the equipment, materials, and labor in the manner 
prescribed. Those who plan the work are given greater opportunity to 
develop the technique of planning by intensive experience, research, and 
the compilation of data bearing on this phase of the task. Idanning calls 
for different talents than needed by operating men, and with this arrange¬ 
ment specialists may be chosen for it. 

It is true that two plants, one with a formally organized planning 
department and one without, may turn out a given product in the same 
^volume and of the same j quality. I Obviously work must be planned and 
performed in both plants. In both instances material must be available 
for the work, jobs must be assigned to machines, work must be routed, 
costs estimated, auxiliary departments must function, and production 
routine be controlled. This emphasize s the fact that the inauguration of 
a planning department does not introduce any new kind of work to be 
done. Differences are chiefly in the manner in which the work is 
handled, and the probable gains in effectiveness of the new arrangement. 
Usually more work is turned out by fewer workers, total costs are 
decreased, production time shortened, and orders shipped when prom¬ 
ised as a result of formal planning. The department is frequently styled 
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“the brains of the plant,” because of its controji and direction of oper¬ 
ating activities. 

Operation Without a Planning Department. —In a plant without 
an organized planning department, production orders receive the atten¬ 
tion of the factory superintendent. Under his direction they are incor¬ 
porated into a master schedule according to dates shipments are to be 
made. They are then l)roken down into manufacturing orders. Subdivi¬ 
sions of the order may be consolidated with parts of orders from other 
customers in order that lot sizes ma> be held at profitable manufacturing 
quantities. TVoduction orders are then issued to the proper department 
heads, who possilily again sul)divide the work among foremen in their 
respective departments. These various supervisors plan and schedule the 
work to the best advantage, considering the dates set for shipments, and 
the work already under way. Precedence or priority in the manufactur¬ 
ing routine may also be affected by the classification of the order, whether 
rush, customer or stock. 

The procedure outlined uses entirely too much time of operating 
executives and supervisors, which is both ineffective and costly. It is 
important to note, also, tliat a good many things may happen, or fail to 
happen, in connection with this order because of tlie scattered and indefi¬ 
nite resjionsihility for it. Periodically, a check-up may be made to indi¬ 
cate what orders are being held up and why. Orders which are due 
receive the attention of stock chaser^, who endeavor to eliminate delay 
causes and receive for such orders iireccdence over those less urgently 
needed. When a department is behind schedule this jiractice results in 
other partially completed orders being held up, slow^s up work, and 
causes confusion generally. The system jiuts cmjihasis upon pulling 
orders through by correcting causes of delay after they occur. Without 
time studies, standard task times are li^^ely to be inaccurate or lack¬ 
ing altogether, and suitable employee incentives not provided. Plans 
fail because of lack of dependable standards as a basis for them, and a 
general lack of coordination. 

-Planning Under Functional Foremanship. —It probably will be 
recalled that Taylor’s system of functional foremanship w'as designed 
to relieve the foreman under the line type of organization of some of the 
manifold duties he w'as called upon to perform. Taylor’s first division 
was betw'een the activities of planning and operation; three clerks and a 
disciplinarian being placed in the first group and four foremen or “bosses” 
in the second. The duties assigned to these three clerks—the instruction 
card clerk, the order of work and route clerk, and the time and cost 
clerk—are now largely incorporated in the production control or plan- 
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ning department, although the determination of costs has grown in 
importance from that day until it now occupies a special place of its own. 
The fourth member of the group, the disciplinarian, has developed into 
the personnel department. 

Taylor recognized the need for a centralized planning body that would 
exercise intelligent control over manufacturing operations. From his 
efforts to establish a better shop organization, present-day production 
control has grown. 


Modern Production Control.—In order to plan production in 
advance with certainty of accomplishment, there must be available com¬ 
plete and reliable data of the shop, and an organization established 
throughout the plant as suggested in other chapters in this book. What 
is known as a thorough job of industrial engineering must first be done. 
Then plans can be made to work. Auxiliary departments must function 
properly, standard conditions prevail in the production departments, task 
times be properly and accurately set, and worker cooperation secured. 

A planning department receives accepted orders together with any 
instructions and specifications which may be necessary to complete them 
properly. When the work is of an engineering character, drawings, 
specifications, and bills of materials are customarily provided by the 
engineering department. 

The functions of the department are to determine how^ when, 
^wher^work is to be done, and to control it in progress. In order to do 
this successfully it controls, (1) manufacturing orders, (2) machinery 
and equipment, (3) materials required, and (4) the activities of the 
workers. As merely a part of the production division, the planning* 
department possesses authority in these particulars only as necessary to 
facilitate production. It may not ordinarily initiate orders for changes or 
additions to machines or physical plant; neither may it change designs, 
substitute materials, or discipline workmen. It must utilize the physical 
plant and the human organization in doing the work designated by the 
orders it receives. It is a service department with very definite and 
limited authority. Because of its intimate knowledge of production 
methods and manufacturing costs, it is frequently called upon for counsel 
with respect to proposed new layouts, the possibility of new equipment, 
and to assist the sales department in estimating on new business. But its 
opinions on these matters are only suggestions, not orders. 

Divisions of the Planning Department.—When motion and time 
studies are handled by a separate division of the manufacturing depart¬ 
ment, production control falls into three main activities. These are 
routing, scheduling, and dispatching. Most planning departments are 
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organized along these lines, although often other activities are also 
included 


Routing.—The first job in planning production is to determine the 
way the article is to be made and the path it will travel, along with all the 
component parts, from operation to operation through the plant. Men who 
decide the route the product should follow must possess a thorough 
knowledge of machinery and manufacturing processes unless they are 
handling a standard product whose route is fixed. They must also know 
the equipment of the shop, the way it is being employed at present, and 
expected use in the near term future, and how it may be utilized for 
slightly different work. 

Orders should be routed through the plant in the most economical 
way, but at times it is necessary to change the usual manufacturing 
procedure to provide for more even schedules, breakdowns, overloaded 
departments, or other reasons. Operation studies furnish the data from 
which the route clerks make their decisions. As the orders are received 
they are analyzed and the component parts determined. The proper 
manufacturing operations, their sequence and where they are to be per¬ 
formed are then established. When these are decided upon the route 
sheet is prepared. This route sheet forms the basis for other planning 
work as well as setting the path taken by the product. 

Scheduling.—Scheduling consists in establishing the time each opera¬ 
tion is to be started and finished as the order moves on its way to com¬ 
pletion. In order to do this with any degree of accuracy time study data 
should be available and standard task times set. 

A master schedule has to do with customer orders, orders originating 
from manufacturing budgets, or department activities as a whole. These 
are arranged in accordance with completion or delivery dates. Fre¬ 
quently each order or part of a customer or budget order must also be 
scheduled through the production processes, and this is known as a 
manufacturing or production schedule. 

It is important that the general management, as well as the sales 
department, be kept informed of the demands made upon the plant by 
the master schedule. Production and sales need to be coordinated and 
the plant used to capacity in all departments. Delivery dates are always 
a factor in sales, and the possibility of quick deliveries in some lines may 
attract orders. 

In making a schedule for manufacturing it is necessary to work back¬ 
wards from the completion date, allowing time for each phase of the 
work. This may be illustrated by analyzing the production schedule for 
a cylinder of a tractor motor. (See Table 23.) 
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Table 23. I’roduction Schedule for Cylinder of Tractor Motor 



Finished 

Tractor 

Assembly 

Machine 

Shop 

Rough 

Stores 

Purchase 

Engineer¬ 

ing 

No. of days in department. . . 

0 

22 

24 

17 

60 

10 

Working days ahead of coni- 
pletion . 

0 

22 

46 

03 

123 

133 

Date work should he finished 

July 1 

June 4 

May 7 

Apr. 7 * 

Fch. 7t 

Jan. 25 


* Date on which invoice should he paid, t Date on which purchase order should he placed. 


This table fixes the dates and intervals for the principal events. Simi¬ 
lar schedules must be prepared of all other assembly units. Many 
machine shop operations are performed in making this cylinder. There 
must be a working schedule which shows in detail every operation, and 
the date at which it will begin. Route sheets may be used for doing this. 
One route sheet is used for each item of product, and lists in order every 
operation through which the item is to pass, together with the machine, 
and the date on which the operation is to be performed. Progress of the 
work is noted by checking off each operation as it is completed. Graphic 
control boards may also be used which picture the planned and actual 
progress of each part through successive steps of manufacture. Both 
methods of control are adapted to single unit or assembly products. 
Output may be increased or decreased by varying the time interval for 
starting lots. An automobile company eliminates production lots and the 
need for much detail paper control, by simply varying the daily load of 
each department in proportion to the desired change in output wanted. 
This is done by increasing or decreasing the input of raw materials and 
adjusting machine capacities. 

A continuous product plant, as for example a flour mill, may also vary 
production by changing the rate of input of raw material. In other 
continuous processes the speed of conveying equipment controls rates of 
output. 

The schedule clerk arranging for production of component parts of 
an order mu.st constantly have in mind the demands of the master 
schedule. He might readily put all parts of an order in work at the same 
time, but this would result in idle completed parts taking up space and 
adding to inventory costs. (See Figure 151 A.) The logical plan is to 
arrange for completion of all parts at about the same time as shown in 
Figure 15IB. For standard products, a graphic .schedule may be pre¬ 
pared as shown by Figure 152, which shows operations and their 
sequence, sub-assemblies, and final assembly in relation to time. 

Dispatching.—Dispatching is a clerical function which puts planning 
into effect. It consists in giving out the proper stores issue cards, labor 








Figure 152. A Graphic Production Schedule for a Standard Assembly Product. Each space division across the 

chart represents a time interval. 
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time cards, and other control forms, so that materials will follow routes 
and schedules previously outlined. 

When dispatching necessitates control of individual machines or work 
stations, planning boards may be used. A simple three-hook or three- 
compartment board will be described. For each machine or work station 
three spaces (either hooks or compartments) are provided. One is for 
a record of work being done on the machine, a second for job tickets of 
material in the department and ready to be done, and a third for jobs 
assigned to the machine but for which material is not yet delivered. 
With this board the dispatch clerk can visualize activity at all points in 
the shop and control production. Arranging the order in which job 
tickets are to be issued to a machine is a function of scheduling, but the 
dispatcher sees that the job is started on time. 


Third pocket. 
Unscheduled jobs^^— 

Second pocket. 
Scheduled jobs—"" 
arranged in order to 
be worked on 

First pocketjob'" 
being worked on 



LATHE NO. 1 UTHE NO. 2 



BORING BORING 

MILL NO. 2 MILL NO. 3 


Figure 153. A Three-Compartment Planning Board 


It is also the duty of the dispatching section to keep production flow¬ 
ing smoothly through the plant once it is started. This is done by 
following up the orders after work is begun, so that the schedule may 
be adhered to as closely as possible. When work gets behind on a 
certain order the dispatchers give it special attention and try to ascertain 
the cause of the delay and correct the situation. In many plants dispatch 
booths are located in the factory in or near each department so that 
control may be exercised on the spot. 

The problems of routing, scheduling and dispatching vary greatly with 
the type of manufacture. 

Basic Planning Data.—Basic data needed for planning include 
engineering drawings and specifications, parts lists, operation sheets, and 
information about materials on hand. Figure 65 in Chapter 14 shows an 
example of a manufacturing analysis of this kind which is used both in 
planning operations and planning the plant layout. It would be well to 
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refer to the description given there in connection with the subject now 
discussed. It will be noted that the analysis includes the following inf or- • 
mation: where the operation is to be performed, what is to be done, the 
tools and specifications required, machines used, raw material used, and 
where delivery is to be made. Frequently time values are included for 
each operation. Available also as a result of motion and time study will 
he individual instruction cards with greater details of each operation. 
Labor and material costs accrue from time tickets and stores issue cards 
to which shop burden is added, supplying information of and a check 
upon manufacturing costs. 


TYPES OF MANUFACTURE AND 
PRODUCTION CONTROL 

Production control problems and methods vary with the type of manu¬ 
facture and with individual plants. 

When parts are needed for stock the procedure is to issue production 
work orders or purchase orders for economic quantities, depending upon 
whether the parts are to be made or purchased. Figure 154 provides an 
illustration of a plan which will secure an even flow of orders. Knowledge 
of quantities needed is obtained from manufacturing schedules, then 
knowing the time needed to make the part, shop orders may be placed 
accordingly. 


PRODUCTION CONTROL RCCORD 
NAMC OP PART 
SOURCE_ 
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Figure 154. Record Form which Provides for a Continuous Balance Against 

Orders Ahead 

(From “Production Control,” by H. P, Dutton, Factory Management and Maintenance, 
Plant Operation Library.) 

The block system of production control is used in garment making, 
and for other products which move in lots through succeeding work 
stations on a time schedule. If the time interval is 8 hours, each depart¬ 
ment finishes its work in that time, and thus the goods in process move 
uniformly ahead without congestion. Man power and equipment facil- 
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ities are necessarily balanced to permit this. The operation of this plan 
is outlined in the making of refrigerators later in this chapter. 

Factories differ like people, and each must be fitted individually. 


Continuous Process Plants. —Scheduling, routing, and dispatching 
are simple problems in the making of brick, cement, the manufacture of 
corn starch and allied products, glass bottles, flour, pig iron, steel shapes, 
and many other articles. In these typical continuous process industries 
the raw material is a bulk material, which is carried through successive 
chemical or mechanical processes during its conversion into a finished 
product. Corn, for example, is fed into one end of the machinery, and 
comes out the other ends as, starches, syrups, glucose, and feeds. The 
fixed path of travel or flow of bulk materials, its mechanical handling, 
and timing of operations are an integral part of the design of the plant. 
Hence the route is fixed, the time in process is uniform, and the work 
of dispatching is simple. The only difficulty experienced is in determin¬ 
ing the amount of sales and making production schedules conform to this. 


Standard Product Plants. —^Another type of manufacture from a 
production control standpoint is the manufacture of a standard product, 
such as a typewriter, lock, washing machine, freight car, or telephone. 
Each of these calls for the machine manufacture of unit parts from differ¬ 
ent materials. Obviously the determination of operations to be per¬ 
formed, the routing of component parts to various machines, and arrange¬ 
ments for assembly are problems which are handled by the operating 
management. If production is limited to a single size and style of one 
item, planning and control are relatively simple, but become more 
complex as variety is introduced in these respects, and as the list of 
products increases. 

For any standard product a production control routine may be 
worked out and charted for each part, as indicated in Figure 152, which 
becomes standard practice for succeeding lots. 


Semi-standard Product Plants. —Products which are standard in 
major particulars but vary in minor respects offer a more complex 
problem. The familiar passenger elevator affords an example of this 
class. Engineering design and equipment may be substantially the same 
for many cars which differ as to size of cab and finish, speed and dis¬ 
tance of travel, manner of control, and safety devices. To manufacture 
such a product completely as a special order is to increase the cost and 
lengthen the time necessary for shipment. The usual custom is to manu¬ 
facture for stock all standard units and a few alternate unit assemblies or 
parts which may be needed. Orders may then be filled from stock to 
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meet individual specifications, with a minimum of special manufacture 
required. A production control system for such a plant will be similar 
to that described later for a jobbing machinery business. With the major 
part of orders stocked in advance, however, deliveries may be made much 
more quickly than where all parts are produced after the order is received 
and the production control problem simplified. 

Jobbing Plants.—Firms manufacturing machinery and equipment in 
accordance with individual specifications need to treat each order as a 
special problem. The production control system must be designed to 
schedule, route, and dispatch each different kind of component part 
separately. Certain parts and units even in this field can be standardized 
and stocked. Differences in orders will be so great, however, that each 
must be considered separately and in complete detail. The same planning 
and control may be required for a single item of such an order that would 
suffice for many successive lots of a hundred or more standard parts. 
An example of such control will be given later in detail for the manu¬ 
facture of special order machinery. 

A Copper Rod and Wire Mill.—Figure 155 shows the schedule 
board that is used for keeping a daily check on the production of wire by 
sizes, against the schedules placed on the mill. This is an example of 
continuous production. The light lines show the proportion of the 
monthly schedule for all sizes of wire which should be turned out at any 
date and the black lines show the corresponding production. Both the 
lines are mounted on movable tapes and are adjusted each morning, thus 
giving the supervisor of the mill an up-to-the-minute picture of how the 
production situation stands. 

A Hosiery Mill.—The manufacture of hosiery affords an example of 
production control methods which are generally applicable to standard 



Figure 156. Example of Strip Ticket Used for Controlling the Production of 

Hosiery 










PRODUCTION CONTROL 


Ch.32] 


557 


products which pass through an established sequence of operations. A 
ticket as shown in Figure 156 is made out by the planning department' 
for a standard number of dozens of a given kind and size of hose. The 
preparation of these tickets is based upon the master schedule of produc¬ 
tion as determined upon, considering mill capacity and the condition of 
the market, assuming that manufacture is for stock. When the ticket is 
issued to the knitting department, the bottom coupon labeled “Produc¬ 
tion*’ is torn off and retained in the planning office. 

Receipt of the balance of the ticket by the knitting department is 
authority for production of the hose called for. When knit and placed 
in a bag the tag is attached, and coupon number one detached and 
retained by the operator. On the stub of the ticket in the proper place, 
the operator writes her number. The bag is then delivered to the sewer. 
After completing her task, this worker detaches coupon number two, 
writes in her number on the stub in the proper space and the bag goes 
on its way to succeeding operations, where a similar routine is enacted. 
The coupons provide each worker with a record of work done. If each 
department foreman keeps the bags moving through in proper sequence 
of serial numbers, there is no chance for loss or delay. Final delivery 
of the stub to the office informs them of the completion of the production 
routine for this lot and provides a record of those who performed each 
operation. 


A Refrigerator Plant.— ^A manufacturer of refrigerators was enabled 
to increase his production by 50% and decrease unit costs by installing 
a planning department. Only one man is required to operate it. Figure 
157a shows a graphic schedule control chart which was prepared covering 
the production of a standard lot of a given size of refrigerators. Opera¬ 
tion times were set on a basis of observed times, with no attempt made 
to speed up production. A four-day manufacturing cycle is indicated. 
When a given lot is started, the material is released to succeeding opera¬ 
tions at the times marked thus (*). 1 

A graphic production control board is used, as shown in Figure 157b. 
Tacks of a different color for each lot show the scheduled starting time 
of the lot on each machine. A red tack is used to show the time it actually 
started. The planning man each night makes out the time cards for each 
part and each man for the next day. When he gets these cards back he 
checks the production against the board. If any man falls behind, his 
foreman is notified and relied upon to speed up the workman. For other 
sizes of refrigerators the number in a standard lot varies, the aim being 
to maintain the four-day cycle of manufacture. From experience in two 
departments, it is believed that when operation times are set upon a basis 
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Figure 157b Production Control Board 
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of time studies, and incentive wage plan introduced, the manufacturing 
cycle will be reduced to three days. This would give a total increase in 
production of 100%. 

A Textile Establishment. —plan used successfully in woolen and 
worsted mills possesses features which make it adaptable to production 
control needs in plants of widely different character. Its principal feature 
is a control board as illustrated in Figure 158. Goods are controlled by 
process rather than by customer order. 

As each order is received, a ticket is made out for each piece. Tickets 
show style number, piece number, and date of shipment. There are 



Figure 158. Planning Board Showing Checking Points and Progress of Orders 

by Departments 


hooks on the board, and tickets are placed in the “ordered’* column by 
style number—that is, all tickets bearing the same style number are 
placed on the same hook; and by delivery dates—the ticket with the 
earliest date is placed on top, and so on. Each day the production clerk 
receives a report from each department and moves the tickets from one 
column to the next as pieces are actually moved from one production 
center to another. From the board it is then possible to make out a list 
of all pieces that are behind schedule. 

Danger dates are set to meet the mill’s capacity to produce, and are 
moved ahead each day, the same time interval between them and the 
calendar date. It takes a week to process a piece through each production 
center. Assuming the day is August 22, a piece would need to be finished 
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ready for shipment on that date. If the delivery date on a ticket is the 
same as the danger date, the piece is on schedule; if earlier, it is behind 
schedule; if later, it is ahead of schedule.^ 

Manufacturing Special Order Machinery. —In the Philadelphia 
plant of the Link-Belt Company, Taylor and his associates installed a 
system of scientific management which operated most successfully. The 
production control system described in the following paragraphs is used 
today in the Chicago plant of this company, and in essentials is probably 
about as planned by the Taylor group. 

The plan is designed to care for the production of machinery and 
equipment on a jobbing basis; although some stock parts are carried. 
The system is sufficiently flexible so that each kind of unit part of every 
order may be scheduled, routed and dispatched as a separate item. 
Orders are classified as engineering, regular, for stores, or .special. A 
letter prefix indicates the classification. Engineering orders, or those 
requiring engineering or drafting work preliminary to manufacture, 
comprise about 90% of the volume of business. The routine of control 
of a typical order will be described. 

Routine of an Order 

1. From the office department an engineering order is sent to the en¬ 
gineering department, where it is divided and assigned to squads of drafts¬ 
men, each group working on a different '‘division’’ of the order. The 
divisions of an order are the sections into which it is divided for conven¬ 
ience in assigning work to the squads in the drafting department. All 
drawings, general and detailed, necessary for production purposes arc 
prepared. 

2. Immediately an order has been received in the engineering depart¬ 
ment, a general outline of it is prepared indicating the number of divisions 
into which it is divided, with a description of each. Copies of this synopsis 
are forwarded to the planning room, stores clerks, and various production 
departments as an indication to them of the work which is coming through 
the office. 

3. This advance notice serves several purposes. It enables the stores 
and worked material clerks to anticipate requisitions on stocks; enables the 
production departments to plan ahead, provide any special equipment or 
facilities required, and to keep the number of employees in proper balance 
with the volume of production. 

4. The production clerk (planning room foreman) in the planning room 
copies the headings of this advance notice on Figure 159 (in loose-leaf 
binder) in the spaces marked “Divisions.” 

^ “Control Board Tells All/’ by R. N. Vincent, Factory Management and Mainte¬ 
nance, Vol. 92, No. 12. 




igure 159. Progress of Bill of Materia] 
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5. To describe the use of this form it will be necessary to anticipate 
somewhat the progress of the order. As drawings are received in the 
planning room, the sheet numbers are noted in sequence in the proper 
spaces, and a check mark is made adjacent to the final sheet number for 
each division. This is a record that all engineering work for that division 
is finished. In the spaces underneath a record is kept of the progress of 
the work covered by each sheet as indicated by the column at the left. 
Miscellaneous memoranda and information pertinent to the order are 
noted on the sheet facing this form in the binder. 

6. As progress is made with the drawings in the engineering department, 
those for each division of the order progressing concurrently, bills of 
material similar to Figure 160 are written in longhand covering each sheet 
as completed. These contain a description of every part of the job, item 
by item, in minute detail, with all dimensions necessary to manufacture 
each part. The prefix “R” to an item number on a bill of material indicates 
that it is a standard item carried in stock. When drawings are standard, 
bill of material sheets are provided in the form of blueprints. The parts are 
numbered consecutively on the drawings and these numbers form the item 
numbers in the “Mark” column on the bill of material sheet. To facilitate 
a further identification each division of the order is given a letter designa¬ 
tion starting with “A” for the first; “R,” “C,” etc., for those following, as 
Order No. K6781A. The letter is applied as a prefix to each item number in 
the division as it is listed on the bill of material sheet. The engineering 
department supplies all data called for by this form except for columns, 
“Charge Symbol,” “From,” and “To,” which are left blank. A great many 
sheets are often required for one order. As the bill of material sheets are 
completed in the engineering department, they are forwarded to the plan¬ 
ning department. 

7. The drawings are completed on tracing cloth from which blueprints 
are made for shop use. The tracings are preserved in the vault, and blue¬ 
prints supplied to the planning room for use by the route clerk and produc¬ 
tion clerk, and for shop use. 

8. By writing bills of material covering each sheet of drawings as com¬ 
pleted, the work is fed into the shops by degrees. This tends to even the 
production load and avoid alternate rush and slack periods. It also results 
in earlier deliveries. 


The Planning Room 

9. The bill of material sheets are received in the planning room by the 
balance of stores clerk. He fills out the column “From” which indicates 
the source of the material to be used in completing each item, using symbols, 
as follows: 

S —From storeroom 
W—Worked material from storeroom 
F —Foundry 

P —Purchase order Etc. 
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10. From the balance of stores clerk the bill of material goes to the 
route clerk, who fills out the column *'To,*’ indicating the department to 
which the material is first delivered. He uses the department symbols, as: 

DM—Machine shop 
DW—Fabricating shop 
DC —Carpenter shop 
CW—Shipping room 
Etc. 

11. The bill of material is then sent to the cost clerk for the charge 
symbol of any worked materials, stores sold, sublet, etc., of which they 
are keeping a special record. 

12. It is then sent to the production clerk who determines the date of 
delivery from the foundry to the machine shop of any castings required 
and enters this date on the bill of material sheet. 

13. In cases where the material called for is not in stock or is to be 
bought special for the order, the bill of material is sent to the purchasing 
department, which makes out purchase orders for the material marked “P” 
(purchase), in the next to last column. 

14. The purchase department stamps the purchase order number on the 
bill of material opposite the item being bought. This is done so that the 
various departments can refer to the material by purchase order number 
when looking up material due. 

15. The bill of material sheets are next returned to the planning room 
where a typist copies them in hectograph ink on form shown in Figure 160, 
and a number of hectograph copies are made on proper forms for distribu¬ 
tion to departments and clerks interested. 

16. Figure 160 shows a copy of a bill of material sheet for Order No. 
K6781, Division A. 

17. Using Figure 160, the route clerk prepares a route sheet for the 
items listed. (See Figure 161.) Items AR12 and ARM originate in the 
foundry, and items AR13 and AR15 in stores S3. This is indicated on the 
route sheet together with the route of the material through the machine 
shop. For example, the first operation on item AR12 is No. 312 and this is 
performed on machine No. 105. The final operation for each item is an 
inspection operation (ZS), following which all items are delivered to the 
shipping room (CW). 

18. It is obvious that the route clerk must know exactly what work 
needs to be done on each item, the proper sequence of operations and the 
machines best equipped for doing them. In the case of minor assemblies, 
the items must be routed accordingly. All operations, machines and work 
places are known to the route clerks by number and are so indicated on the 
route sheets. 

19. At the bottom of the sheet the route clerk indicates the number and 
kind of forms which are needed to control production of the item. 
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Figure 161 . A Route Sheet for Machine Shop 
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Foundry Procedure 

20. When castings are required, the following data sheets and forms 
are prepared and sent to the foundry, and constitute an order for castings. 
(See Figure 163.) 

Bill of Material Sheet and for each item of castings 
1 master time card (AP32) 

is typed in hectograph ink and used to make the following: 

4 time cards (100232 cut) 

1 duplicate time card (DF32A) 

1 stores issue (19765) 

1 route tag (DM6) 

Upon each of the cards appears a description of the castings required, 
date to be delivered to the machine shop and other information. 

With these data and information the foundry office is expected to pro¬ 
duce the castings wanted at the time designated without any further direc¬ 
tion. In other words, the foundry handles the details of department con¬ 
trol from its own office. A sketch of the foundry arrangement is shown 
in Figure 162. 



Figure 162. Sketch of Foundry Layout, Showing Principal Departments 

21. Upon receipt of the above order for castings the foundry office 
orders the necessary patterns from the pattern department, and these are 
made available. Pattern numbers arc supplied on the bill of material sheet. 

22. Upon the time cards is stamped the following information: 

Date of receipt 

Kind of iron in castings 

Size of core 
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23 . Then the foundry office sends direct to the foundry cleaning room 

I 

2 time cards 

1 stores issue 

where the time cards are filed according to date received in a drawer cor¬ 
responding to the class of order it is in, and the stores issue is filed by 
order number. 

24. When the pattern is made available on the ‘'bench/* there are 
attached to it 

2 time cards 

1 duplicate time card 

1 route tag 

25. If a core is required the core maker gets one time card; otherwise 
it is destroyed. 

26. When the molder takes the pattern, he takes a time card, and drops 
the duplicate and route tag in a box which indicates that the work is in 
operation; which fact is recorded by a mark opposite the item number 
on the bill of material in the foundry office. 

27. The route tag and duplicate time card are then taken to the cleaning 
room, and attached to the time card previously sent there, which indicates 
that the castings are coming through. 

28. The molder turns in his time card marked “finished” when he com¬ 
pletes the task. If he does not finish the job the same day it is started the 
time worked is stamped on the back of the card, and it is reissued to him 
the following day. As soon as he completes the task, the foundry clerk so 
indicates by another mark on his bill of material sheet opposite the item 
number. 

29. The actual castings will soon appear at the cleaning end of the 
foundry. The clerk in this department then issues to the chipper and grinder 
the following forms. 

2 time cards (if two men work on castings) 

1 route tag 
1 duplicate time card 

As soon as the finishing touches are put to the castings by these men 
in this department, they are ready for final disposition by the foundry. 

30. They are weighed and the w'eight put on the duplicate time card. 
The stores issue card is taken from the file and the weight entered thereon. 

31. The duplicate time card is sent to the production clerk in the plan¬ 
ning room as an indication to him that the castings have been made, and he 
so indicates by a mark on the order sheet opposite the item. 

32. Foundry production is kept track of by daily reports. On the sheet 
used are spaces for a record of the different kinds of castings produced, 
and for each kind, columns in which to note the order number, item number, 



INDUSTRIAL MANAGEMENT 


[Ch.32 



MASTER TIME CARD 

ORDER NO. 
AND MARK 

QUANTITY 

DESCRIPTION 


X678U 

AR13 

1 

XQUALlZmO OBAR CAST IRON 48" P.D. 1.87" P 
84T 4 1/8" FACE BORE 3 15/16" HOB 7" PROJ. 

1 1/4" ON DRAG SIDE FINISBEO AID 5 3/4" ON 
COPE SIDE ROUGH K.S. AID SS88 DIO. 84 Mil 
BEHIND STAR DMl 1801 088109 0.1. 0P3851 

DF/Xai 1 88 





•#•84 



•**11 NO. 

OOeOATtON 

tTftWTlf 


PF 





OKsenimeM 


K67eu 

AR12 


IQUALI2IN0 GEAR CAST IRON 43" P.D. 1.57" p' 
84T 4 1/2" FACE BORE 3 15/16" HUB 7" PROJ. 

1 1/4" ON DRAG SIDE FINISHED AND 5 3/4" ON 
COPE SIDE ROUGH K.S. AND 8S88 DEG. 84 MIN 
BEHIND STAR DMl 18C1 C88109 C.l. 0P3851 
DF/DM 1 36 


DUPLICATE TIME CARD 


i — — ROUTE TAG 1 


OHtm N*. •••4 M«« 1 N.. rnmm | DwirtpNiw * 

E6781A 1 EQUALIZING GEAR CAST IRON 48" P.D. 1.67" P 

AR18 84T 4 1/8" FACE BORE 3 15/16" HUB 7" PROJ. 

1 1/4" ON DRAG SIDE FINISHED AND 5 3/4" ON 
COPE SIDE ROUGH K.S. AND 8888 DIG. 84 MIN 
BEHIND STAR DMl 1801 CSS109 0.1. 0P3851 

pr/DM 1 86. 

1 

a 

a 

4 

• 

• 

7 

• 

• 

10 


3^5 

3/S 

3^9 

3/^ 

3/3 

Cl9 




/^S 

LI 



PrTf' 

Zi£3 






Figure 163. Examples of Forms Used in Connection with Orders 
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DAY 

START 

STOP 

ELAmO TIME 

OVEMTIMt 
Allow AMCC 

TOTAL hours 


MONDAY 






TUESDAY 






WEDNESDAY 






THURSDAY 






FRIDAY 






SATURDAY 






SUNDAY 








TOTAL TIME TAKEN 









(Reverse of Labor Card) 


y/cHARCC TO 

CLASS or 
MAIL 

QUANTITY UNIT WT TOTAL WIICHT PRICE UNIT 

IKK 

AMOUNT STORES 

s s It 

* 2 K6781A 
AR12 

4 

6 

L_i 

a 

1 

1 

EQUALlilNG GEA1 
84T 4 t/2'‘ fAOl 
1 l/4« ;0K DRAG 
COPE SIDE ROUGl 
BEHIND.STAR DH 
DF/DM ^ 26 

i 

AACOMAT luASt or HATL 

i OAST IRON 42' 
I: BORE Sj 15/16'' 
SIDE FllflSHED 
t K.3. AND SS2I 
. 12C1 pS2109 
• 

I 

• 1 

i i 

1 

P.D. 1.57|p /T) 

HUB 7" PR^J, 

AND 5 3/4'’; ON 

D**G. 24 MIN. 

C.l. CP3851 

I 

_1_ 

A 

'i 

<8 

7 






for Foundry Items on the Bill of Material Sheet 
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number of pieces and weight of each lot. The column totals and grand 
total give the production figures for the day. 

33. In the melting department of the foundry a record is kept of the 
raw materials which go into the making of the castings. Comparison of 
these two records gives a check on daily operating efficiency, metal losses 
and waste. 

34. From the stores issue cards a list of all castings is made each day 
as they go through, and this list is delivered to the planning room for the 
benefit of the schedule clerk. 

35. The stores issue card is given to the rough stock man and accom¬ 
panies the castings, to which are attached the route tag, to the receiving 
station in the machine shop. The clerk in charge receipts for them, sends 
the stores issue card to the dispatch clerk in the planning room, and the 
castings to the point where operation number one will be performed upon 
them. 

36. Receipt of the stores issue card by the dispatch clerk is a signal 
that machine shop operations may now be started. 


Machine Shop Procedure 


37. For any item on the bill of material sheet which does not originate 
as a casting in the foundry, the following forms are made. (See Figure 
164.) 

1 master time card (AP32) 

is typed in hectograph ink and used to make the following: 


1 route lag 

1 stores issue card 

2 transfer slips 


(DM 6) 
(19765) 
(AP49) 


and for each operation 

1 time card (100232 Perf) 

1 duplicate time card ♦ (DM 47) 


38. After the necessary cards and forms are made out the route sheet 
is filed at the schedule clerk’s desk, where a record of the progress of work 
is kept. 

39. All time cards, together with shop copy and move cards, go to the 
rate clerk to be rated. This consists in posting on the time card data in 
regard to pay, and indicating the instruction card and any necessary draw¬ 
ings which need to be issued. 

40. When ready for work to begin on the item, the dispatch clerk sends 
the stores issue card and route tag to the stores department, which issues 


* Duplicate time cards are used for posting on the planning board in the planning room 
while the job is being done in the shop. For short jobs they arc not used. 
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MACHINE NO. 

MAN’S NO. 

OP’N. 

OP’N 

STOPPED 

/OS 


ACCT...J/^-.. 

SEQ’CE /^ 

STARTED 


MD£R WO. AND MARK | NO. PIECES 


PREMIUM OR PIECE WORK 


K6781A 

AR12 

1 IQUALIZING GEAR CAS? IROII 42“ P.D. 1.57“ P 
84T 4 1/2“ FACE BORE 3 15/16" HUB 7“ PROJ. 
1 1/4“ OK DRAG SIDE FINISHED AND 5 3/4“ OR 
COPE SIDE ROUGH K.S. AND SS28 DEC. 24 MIR. 
BEHIND STAR DKl 1201 C82109 C.l. CP3851 
DF/DM 1 26 




DATE 

HOURS 

KS. FIN. 

DATE 

HOURS 

res FIN. 

DATE 

HOURS 

PCS. FIN. 

MAN'S 

EARNINGS 

PREPARATION 












PER PIECE 











IIME 

CLERK 

RATE 

CLERK 

PAV 

ROLL 



























DATB 

AW BIN No. 

TRANSFER SLIP 

OROIR NO ANP MARK 

QUANTITY 

DtSCRIITlON AMD ROUTING 

K6781A 

AR12 

1 

EJUALIZINO GEAR CAST IRON 42" P.D. 1.57“ P 

84T 4 1/2“ FACE BORE 3 15/16" HUB 7»' PROJ. 

1 1/4“ ON DRAG SIDE FINISHED AND 5 3/4“ ON 

COPE SIDE ROUGH K.S. AND SS28 DEO. 24 MIN 

BEHIND STAR DVl 12C1 0S2109 C.l. CP3851 

DF/DM 1 26 

UC'O RY ROUTI UiU 

1 tnOORBCO 

nu TAKI PROM DttiVIUD TO 

iNsrecTOR 

KMMAN 


Figure 164. Examples of Some Forms Used in Controlling Machine Shop 

Operations 

(For reverse of labor card, see Figure 163. Center form is copy of labor time card posted 
in planning room.) 
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the proper material to the shop. Upon notification that this has been done, 
the dispatch clerk may issue the job ticket (time card), for the first opera¬ 
tion. 

41. The cards for all operations on the item are bunched and placed in 
the compartment of the planning board which designates the machine used 
for the first operation. The duplicate time card for the first operation is 
placed in the front division of the box and the other tickets back of it. 
The arrangement or order of job card groups constitutes the order of work 
or manufacturing schedule decided upon. For each machine or work 
station there are provided two compartments in the dispatch box as indi¬ 
cated. The cards in one compartment represent jobs on that machine ar¬ 
ranged in the sequence in which they are to be performed. The duplicate 
time card in the front compartment represents the job the man is working 
on. Cards in the rear compartment represent jobs at the machine, but the 
sequence in which the jobs are to be performed has not been determined. 
The order of jobs is regulated by the schedule clerk in accordance with 
the shipping dates set for the various jobs, and the necessary time for 
completion of parts; information obtained from the shipping board and 
manufacturing schedules in the planning room. Also he must endeavor 
to keep all machines and work stations uniformly busy. 

42. The workman as he receives the time card also secures an instruc¬ 
tion card and drawings, if such are designated. Any special tools required 
are also drawn. When the time card is issued the time is stamped by a 
time clock. When the job is completed and the card turned in, it is again 
stamped, and the time interval is the job time. 

43. The transfer of material in work from one machine to another is 
accomplished by the move men by referring to the route tag attached to 
the material. The mechanic completing an operation places the material 
ready for the move man who attends to its moving without any further 
instruction; or his attention may be called to it. At an inspection point, or 
when moved from one department to another or into stock, signatures are 
required, and transfer slips are utilized. 

44. The completion of one operation is a signal to the dispatch clerk 
that the labor ticket for the next operation may be issued. As each operation 
is completed the order of work clerk turns to the route sheet and draws a 
blue line through the numbers referring to it, and marks the date. When 
all are so marked the date of final inspection is stamped upon it. 

45. Daily, all route sheets on which all items have been completed and 
inspected are taken from the files and sent to the superintendent, and a 
notification of these jobs and sheet numbers is sent to the production clerk 
for his information. 

In this endeavor theory and ideals must give way somewhat to the 
exigencies of the situation. Mechanics and machines cannot be kept idle 
in order to postpone investment in labor costs and to have parts completed 
only as needed as suggested by Figure 151B. In practice it is often neces- 
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sary to complete parts two or three weeks before they are needed. The 
object of the dispatch clerk is to complete all work for which he has job 
tickets as quickly as possible, giving precedence to those which are 
entitled to it as indicated by the master schedule. Special instructions to 
go slow on certain jobs causes them to be used as “fillers** only. 


Centralized or Decentralized Planning Departments. —Plants with 
acres of floor space, scores of departments and thousands of workmen 
suggest the difficulty of detail planning at one central point. There would 
be obvious difficulty in attempting to regulate the assignment of each 
machine in such a plant from a central office. However, in these cases 
master planning may be done in a central department which will 
schedule material to and coordinate the work of the local departments, 
leaving the details of production to be cared for by local planning rooms 
in the shop. In smaller plants it usually is possible to administer the 
details of planning and control more effectively from one point. 

If the article is a technical one and department operation is largely 
independent of other departments, those in immediate charge should be 
best qualified to plan the work. On the other hand, if the machinery of 
several departments is utilized in making a variety of articles central 
control is essential. When a department consists of a battery of like 
machines, or specializes in one task, decentralized control is suggested. 
Routing to a group of machines simplifies control, and the foreman in 
charge, without need of clerical control, assigns the work to the stations 
or machines available. Also production delays are less likely to occur 
where there is greater flexibility in the use of equipment. 

An important factor favoring some decentralized planning in large 
plants is the human element. The foreman thus has a greater share in 
management, which adds to his prestige and arouses greater responsi¬ 
bility for production. It brings management closer to the workers and 
makes it more personal to them. The departmental clerks act as repre¬ 
sentatives of the central planning department in coordinating department 
activities with the master schedule, and in reporting local progress. In 
fact, local control is often only nominal, but complete functionalization is 
modified to the extent that personal direction by the foreman is permitted 
when it does not conflict with the larger plan. 


Graphic Control and Follow-Up. —Plans for production may be 
expressed in the form of charts and graphs, which show kind, quantity, 
cost and time schedules. As actual production takes place, accomplish¬ 
ment may also be pictured on the same charts. They are an excellent 
administrative device in enabling those responsible to keep constantly in 
touch with production, make comparisons, and remedy any deficiencies 
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which may develop before they become serious from a money or time 
standpoint. Charts are more easily interpreted than a mass of statistical 
data, portray time in relation to progress, and disclose details of opera¬ 
tion in the shop not ordinarily apparent to higher executives. Causes and 
effects become immediately apparent, and responsibility for results is 
definitely placed. A further merit of charts is the ease with which facts 
are made understandable to foremen and workers. Charts picture situa¬ 
tions as a map does the countryside. 

The extent to which visual control may be used economically depends 
upon the cost as compared with the results secured. The continued 
preparation of charts, after the facts are known, may be a needless 
expense. They may perhaps be profitably used to disclose the nature and 
extent of deficiencies existing, and as a basis for applying corrective 
measures, when their continued preparation and use would be question¬ 
able economy. It may not be necessary to have the doctor come each 
day after the patient regains his health. It is true that some concerns use 
fewer charts today than a few years ago. However, most firms would 
profit by a greater appreciation of the value of presenting facts graphi¬ 
cally, A few examples of the use of charts will be given. 

The Gantt Charts.—A popular form of chart known as Gantt 
charts, after their originator, may be used in a variety of ways. Wallace 
Clark, in his book “The Gantt Chart,” describes the making of these 
charts and indicates numerous applications. In his reface he says: 

Collectively the charts show whether or not equipment is being used 
at any given time and, if not, the reasons for idleness; fix responsibility 
for idleness and are effective in preventing it; show how the work of 
individual employees compares with a standard of performance and empha¬ 
size the reasons for failure, thus fixing the responsibility for the removal 
of those obstacles; enable the work to be readily planned so as to make 
the best possible use of available equipment and to get work done when it 
is wanted. 

These charts show the load of work planned for a whole plant or an 
entire industry, give a continuous comparison of performance with sched¬ 
ule, and make it easy for an executive to foresee future happenings with 
considerable accuracy and to overcome obstacles more easily. 

Figure 16S shows a Gantt layout chart for a machine shop. Angles 
opening to the right and left, respectively, show planned time for begin¬ 
ning and completion of the job. The heavy line is drawn on the chart, 
as daily reports are received and show progress. Delays are indicated 
by light lines drawn below and at right angles to the heavy line, marked 
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by symbols, as for repairs; “M” lack of materials; ‘*T’’ lack of 
proper tools; breakdown ; “H*’ shortage of help; etc. 

Orders received are broken dowm into machine operations, and their 
sequence is noted. The first operation is laid out on the layout chart 
opposite the machine to be used. The machine record for the second 
operation is then looked up, and the operation laid out on the chart. This 
procedure reserves the machine in question for the particular job, and 
prevents assignment of two jobs to any one machine for a given period. 
Daily reports of progress aid the planning clerk in keeping work properly 
scheduled. 
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Figure I06. Gantt Load Chart for Drop Forge Hammers 


On the Niles planer number 556, job No. 11191-CE, was scheduled 
to be completed Tuesday noon, but was completed ahead of time and 
another order, No. 61427, started upon it. This job was also finished 
ahead of time, and a third job was begun Thursday afternoon instead of 
Friday. When the chart was copied on Wednesday, the 16th, the work 
was just on schedule. On the second machine, the work was already 
3 days behind schedule w’hen it w’as carried over from a previous sheet. 
At that time job No. X6842 was scheduled to begin Thursday morning 
and be completed Monday afternoon, but it was necessary to run in a 
repair job, a ring for a motor, so that 4 hours had to be allowed for the 
delay (indicated by the crossed lines) before job No. 16842 could start. 
Work on this machine was 4 hours behind schedule when the chart wus 
copied Wednesday night. 
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A Gantt load chart for a forge shop is shown in Figure 166. The 
number of hammers in each size class are indicated in the column ^t 
the left. The chart is based on a 50-hour work week. For the seven 
1,000# hammers this would give a weekly capacity of 350 hammer-hours, 
as indicated by the figures in the adjoining column. The light horizon¬ 
tal lines show the amount of work scheduled during the respective weeks. 
With five vertical divisions in each week column, a line across three 
divisions in the column for the week ending August 6 opposite the 1,000# 
class indicates that 210 hours of work have been scheduled for that group 
during that period. The total work scheduled for each group is indicated 
by the corresponding heavy line, which is in each case a summary of the 
light lines. A space marked Z indicates no work scheduled during that 
weekly period. 

Reference to the chart will quickly indicate to the route clerk or fore¬ 
man the amount of work ahead for each size of hammer, and facilitate 
the task of keeping the department busy but not overloaded at any point. 
The use of equipment is shown clearly, and as a consequence the invest¬ 
ment in expensive machinery may be reduced. 



CHAPTER 33 


INDUSTRIAL COSTS 

The Need for Accurate Costs. —In order that business may be con¬ 
ducted successfully it is essential that the costs of production and selling 
be known. This is particularly true in a system of competitive economics 
where profits are dependent upon keeping monetary costs below selling 
prices, but it is also important when only the economic costs of labor and 
capital are considered. In an effort to raise the standard of living in any 
society the expenditure of human energy, time, materials, and machinery 
should not be wasted. The only exact way to know whether waste is 
present is to compile cost data and make comparisons with other methods. 
Cost accounting is a tool of management w^hich, when rightly used, will 
point out the results of operations and indicate needs for changes or 
corrections. 

Frequently there is an erroneous belief that the main purpose of cost 
accounting is to determine the selling price of the product. While selling 
prices are to some extent based upon costs of production, this is by no 
means the whole story. Prices are also determined by the existing 
demand and the possibility of substituting competing products. The 
major use of cost figures is to ascertain the costs of the various items 
of expense and to demonstrate ways in which waste may be eliminated 
by making all expenditures more effective. 

A good cost system should accomplish the following: 

1. Act as a guide to the economy and efficiency of work. 

2. Keep track of investments in inventories. 

3. Control scrap and defective work. 

4. Indicate inefficient use of existing equipment and requirements 

for additional equipment. 

5. Help in controlling overhead expenses. 

Cost records can point the way, but they are of no avail unless man¬ 
agement takes steps to put into effect the action indicated. Like the other 
control devices previously discussed, the determination of costs solves no 
problem in itself. That is the task of intelligent management, and it 
cannot be relieved of the burden. 
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Elements of the Cost of Production. —The selling price of an article 
is made up of a number of different costs and expenses which may be 
divided into (1) manufacturing costs, (2) general expenses, and 
(3) profit. The first, or manufacturing costs, will be considered in this 
chapter. General expenses cover what are known as administrative and 
selling expenses. These include such items as office salaries, repairs, and 
maintenance to all buildings other than shops, contract and sales depart¬ 
ment, branch offices, shipping room, etc. 

The items which go to make up the cost of manufacturing an article 
are: (1) the cost of materials; (2) direct labor costs, and (3) shop 
expense or burden. 


Direct 

Material 

Cost 

Direct 

Labor 

Cost 

Shop General. 

Burden Expense 

^-Manufacturing Cost- 


Figure 167. Elements of Selling Price 


Profit 




Material and labor costs may be classified as to whether they are direct 
or indirect. All materials which enter directly into the making of a 
finished product in such a way that the amount and the cost can be 
accurately allocated to each unit or job, are called direct materials. It is 
not always easy to determine the exact quantity of materials used per 
unit of product, as, for example, in the case of stains and varnish in 
furniture manufacturing. Wliere very small quantities of materials enter 
into products, the cost of keeping the accounts might be greater than the 
cost of the materials themselves. In most cases, however, the cost of the 
direct material can be determined very accurately. The many other mate¬ 
rials used to carry on manufacturing processes such as oil, waste, and 
miscellaneous supplies are called indirect materials. 

Direct labor cost consists of wages or salaries paid to those who work 
directly upon the product. It is evident that a considerable number of 
people employed in manufacturing departments contribute to production 
by indirect labor, such as foremen, truckmen, oilers, repair men, clerks, 
etc. The wages paid to such individuals are classified as an indirect labor 
cost. Indirect labor and indirect material costs, along with other expenses 
such as depreciation, repairs, and supplies, are combined under the name 
of shop expense, overhead, or burden. 
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The simplest parts of the problem are to allocate the cost of materials 
used in the finished product and to ascertain the amount of direct labor 
expended in making a unit of it. Greater difficulty is involved in the 
distribution of shop expenses, so that each unit will bear its proportion¬ 
ate share. If the factory made only one product without variation as to 
style, quality, kind, or size, the unit cost could be determined simply 
by dividing the total cost by the number of the units made. However, 
in most industries today the problem is complex, involving not only many 
different sizes, kinds, and styles of one product but different lines of 
products. 

Methods of Distributing Shop Expense or Burden—Direct Labor 
Hours. —Using the labor hours method, the total number of hours 
employees work on a job is taken as a basis for distribution. The rate 
to be applied is determined for a given period for each department or 
sub-department, by dividing the estimated burden at normal production 
by direct labor hours at normal production. This gives a standard burden 
rate. The burden charge for a given job is determined by multiplying 
the labor hours by the standard burden rate. An example will illustrate 
the method: 


Burden rate, per man-hour. $ ..SO 

Number of man-hours used. 250 


Burden chargeable to the job is: 

250 X $-50 = $125 

The plan has inherent defects which make it inaccurate for many installa¬ 
tions. The finding of the rate deals with two variables, total expense and 
labor hours, hence it is not accurate. Further, one mechanic may operate 
an expensive milling machine, while another uses a small emery wheel. 
The former may cost $10,000; the latter, $100. It may cost $2 an hour 
to operate the milling machine and but 15^ an hour, or less, to operate 
the emery wheel. The method does not allow for idle machine time, and 
gives but an average distribution. The expense charge is greater on a 
job performed by a slow workman than an equal task performed by one 
who is more skilled. Jobs which consume the same amount of shop time 
receive like expense charges, although the wages paid and the nature 
and extent of equipment used may vary greatly. The method is best 
adapted to departments or plants where the equipment used and lines of 
products made are similar in size and character. 

Distribution of Burden—Direct Labor Cost. —^This method is 
similar to the labor hour method, except that the rate is determined by 
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dividing the estimated shop burden for a period of normal production by 
the estimated cost of direct labor for the same period. The plan operates 
as follows : 

Estimated direct labor payroll.. $16,000 

Estimated shop expense. 14,000 

Burden rate = = 87j4% 

Then if the direct labor costs on a job amount to $16, the shop burden 
will be: 

$16 X = $14 


The rate is obviously but an approximation and an average. The 
same general defects may be noted in this method as in the labor hour 
method. It operates inaccurately when machine operation costs vary, as 
they do with a variety in size and kind of equipment. In the example of 
the milling machine and the emery wheel the operators might receive the 
same wage per hour, and hence the expense charge be the same per hour, 
when actually the figures should be quite different. When several lines 
of products are turned out, a falling off in some lines will shift the burden 
of shop expense to the others, and if differences in size are considerable, 
this may add a disproportionate burden of interest and fixed expenses to 
them. Shop expense for parts handled on a bench is much less than for 
items which occupy perhaps 100 square feet and require overhead crane 
service. The method ignores the time element, always important in shop 
costs. It is best suited to operations where labor is the dominant element 
and uniformity prevails with respect to product, wages, and equipment. 

The plan is used more effectively when work is departmentalized 
according to size as well as kind of equipment, which is the practice in 
some large shops. A large machinery manufacturer producing on a 
jobbing basis uses the plan as modified in the following manner. The 
total shop expense for a period of three years is apportioned to the differ¬ 
ent departments in proportion to the amount incurred by each. The 
amount for each shop is then divided by the total direct wages in the shop 
for the same period. In this way a different rate is obtained for each shop. 
For example: 


Pattern shop . 60% 

Heavy machine shop. 75% 

Light machine shop. 50% 

Structural shop. 70% 


The rate in the heavy machine shop is again modified to fit the work. 
For some work of a standard, repetitive character, as gear cutting for 
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silent gears, one mechanic operates several machines. Since the rate is 
applied on the basis of direct labor, the expense charge would be very 
small, and not at all in harmony with the value and operating costs 
entailed by the machines used. Hence, the rate is arbitrarily increased 
for this class of work. The same reasoning is applied to other classes, 
and adjustments are made accordingly. Care must be used that the total 
expense credits which accrue by application of the adjusted rates give an 
amount equal to the charges apportioned to the department. Without 
careful modification in this way the plan is not suited to diversified 
production. 

Distribution of Burden—By Output, or Material Used.—The vol¬ 
ume of output may be used as a basis for the distribution of expense. 
The basic idea involved in this method is that the expense is propor¬ 
tionate to output, and it is applicable accurately only when this is true. 
It is practicable, therefore, when tools, machines, and equipment used 
vary directly with the volume of material, and the product is uniform and 
output fairly constant. This situation obtains in continuous process indus¬ 
tries like the making of brick, cement, corn products, and in lumber mills 
and salt works. 

Assuming that a rate of $25 per thousand units has been set, the 
expense charge on an output of 4,200 units would be: 

The method can also be applied on a basis of direct material used, 
considering either quantity or value. 

Distribution of Expense—By Machine Hour Rate.—There is a 
direct connection between the cost of running a machine and the amount 
of the work done by it. It costs more per hour to operate a large gear 
planer than it does to operate a small drill press, and it is possible to 
analyze the expenses of operation into definite measurable factors. Some 
of these, such as small tools, depreciation, and power, are chargeable 
directly against individual machines. Others, such as light and heat, need 
to be prorated over all machines and processes in a department. A total 
of all the estimated charges against a machine for a period of normal 
production, divided by the estimated number of hours the machine will 
run, gives the standard machine hour rate. 

In many shops the number of hours which a machine will be used 
during the year may be an uncertain figure. A certain amount of idleness 
is inevitable due to lack of orders, necessary repairs, and absence of 
operators. Ordinarily, however, a machine should be in operation 80% 
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or 85% of the time the shop is running. Thus for a shop working 
8 hours a clay, after allowing for holidays, etc., ,2,000 hours might be 
used as a base figure. If the machine is not used as much as estimated' 
there will be some expense which will not be charged off at the end of the 
period, while if the machine is used a greater number of hours, a surplus 
will accumulate. In either event an adjustment will need to be made. A 
simple method is to transfer any differences into a separate account, 
where they will tend to balance each other. At definite periods any 
balance in this account can be transferred to profit and loss. Any con¬ 
siderable variations from the expected are cause for revising rates. 

This method of expense distribution is more accurate than the 
others described, particularly in departments using costly machines. It is 
especially applicable where machine operation is the dominant factor, 
and the idle time is small. The rate fails to care for idle time, and in 
dull times it is the large costly equipment which is idle most. In depart¬ 
ments where much hand labor is used, the machine hour rate is not 
satisfactory. The present practice of cost accountants is to use both a 
direct labor rate and a machine rate in many departments. Such burden 
as power, depreciation, insurance, etc., is applied by the machine rate; 
supervision, heat, light, and the like by a direct labor rate, either on a 
basis of cost or direct by labor hours. 


I 

Ir 
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I L.- 


Length 17* rnr-D 
Width 5.5*tj 
Area 93.5 sq. ft 

Norton 14’x72** 
Cylindrical Grinder 
Machine No. 27 


Overhang 
of Table 

r-Vn 




Working Space 
2* Wide 


3'x4' 


2*x4* Bench 


3'x4' 

Skid 

Platfornt 


3* High 


Skid 

Platform 



J_X 


■ V 2 of a 5' Side Aisle 


Figure 168. Layout of Production Center for a Norton Cylindri 


ical Grinder 


Calculations for a rate to cover a group of Norton cylindrical grinders 
will illustrate the application of the method. Figure 168 shows the 
working arrangements and floor space required for each machine, and 
Figure 169 the group layout. In addition to the floor space actually 
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Figure 169. Layout Arrangement for a Group of Six Norton Cylindrical Grinders 
Showing the Location of the Machines and the Size of the Production Centers 

occupied by the machine there must be space for the auxiliary tools and 
equipment, room for the incoming and outgoing material, as well as 
working space. This total area is called a production center, and this 
method of distributing burden is often called the production center 
method. 

1. Tabulation of Data 

Working area of one machine (a production 


center) . 243 sq. ft. 

Present value of one machine (new). $3,300 

Rated horsepower of machine. 10 

Number of machines in group. 6 


2. Estimated Number of Hours of Operation 

This factor is estimated from past records and from estimated orders 
unless the output is accurately known. A total number of hours of operation 
of 934 per month will be assumed for the group of six grinders. 

3. Floor Area Chargeable to the Group of Machines 

Area of the six production centers is 1,458 square feet. In addition to 
this area a part of the main aisles, foremen’s and superintendent’s offices, 
storerooms, etc., must be charged to this group. 


Total area of shop. 92,600 sq. ft. 

Total area of production centers. 51,200 sq. ft. 


Floor space factor, = 1.81 

51,^00 

Floor area chargeable to the group of grinders 
== 1,458 X 1-81 = 2,639 sq. ft 
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4. Power Cost per Month, per Group 

The department power feeder lines are connected separately to the , 
switchboard of the power plant and the machines are all driven by individual 
motors. Hence it is possible to determine the average amount of power 
used by this department. By prorating this quantity against each machine 
of the department on the basis of the size of the motor, it is possible to find 
the approximate cost of power for each machine. 

Average power load for the department ^ =210 kw. 

= 282 hp. 

Total rated capacity of all motors in the 
department = 625 hp. 

282 

Average consumption of energy = = .451 hp. per 

rated hp. of motor. 

The 10-horsepower motor on each Norton grinder uses only 4.51 horse¬ 
power on an average, as the motor only occasionally runs under full load 

Horsepower-hours per month, per group 

10 X -451 X 934 = 4,210 hp-hr. 

Cost of power is 1.75 cents per kilowatt-hour, or 1.305 per horsepower- 
hour. Therefore, the power cost for the six grinders for the month is 

4,210 X L305 = $54.90 

5. Supervision and Miscellaneous Charges 
PER Month per Group 

Supervision including foremen, helpers, move men, 


time clerks, tool room attendants, etc. $3,500 

Department supplies . 500 

Other miscellaneous expenses. 750 

Total . ^SO 


Total estimated hours that all of the machines in the department will 
operate per month = 42,500 hours. 

Charge per hour = 4,750 42,500 = .118 

Number of hours that the group will be in operation per month is 934 
hours. Then 934 X -118 = $110.21. 


* Power is supplied in kilowatts. 1 hp. = .746 kw. 
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Cost of buildings. $575,000 

Cost of land. 15,000 


$590,000 

Cost of furniture, fixtures and all equipment 
except machinery . 150,000 $740,000.00 


Taxes on plant (on $740,000) per month. 1,233.33 

Interest on plant ($740,000 at 6 %) per month. 3,700.00 

Insurance on plant ($740,000-15,000) per month. 3,927.08 

Water and heal per month. 750.00 

Light per month. 300.00 

Depreciation on buildings per month: 

(a) Building No. 1 and No. 2 (mill con.struction)_ 810.00 

(b) Building No. 3 (steel construction). 725.00 

Depreciation on furniture, fixtures and equip¬ 
ment per month. 1,135.00 


Total . $ 12,580.41 


Space charge per month per group: 


_ $12,580.41 _ 

92,600 (total floor area of plant) 


= $.136 per sq. ft. 


Floor area chargeable to the group of Norton 
grinders = 2,300 sq. ft. 

Space charge = 2,639 X $-136 = $358.90 


7. Individual Production ("enter Charge per Month per (iroup 
Value of 6 Norton grinders = 6 X $3,300.... $19,800.00 


Interest on $19,800 at 6% per month. 99.00 

Taxes on $19,800 per month. 33.00 

In.surancc per month. 74.10 

Repairs and maintenance per month. 16.80 


Total . $ 222.90 

8. Depreciation per Month per Group 

Cost of 6 Norton grinders (new) == 6 X $3,300 — $19,800 
Estimated length of life = 15 years 
Scrap value of six machines = 6 X $250 $1,500 

Depreciation per month by the straight-line method = 

1 0 
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9. Calculation of the Machine Hour Rate 

(a) From item 4 —Power cost per mon^b per 

group . $ 54.90 

(b) From item 5 —Supervision cost per month 

per group . 110.21 

(c) From item 6—Space charge per month per 

group . 358.90 

(d) From item 7—Individual production center 

charge per month per group. 222.90 

(e) From item 8—Depreciation per month per 

group . 101.60 

Total charge per month per group. $848.51 


$848.51 

Machine hour rate = = $.9085 

Machine hour rate = $.9085 

Abnormal Expenses Charged to Management.—In many cases 
more efficient management may be promoted if methods of measuring 
production costs are used whereby expenses are divided into two classes, 
depending upon whether they are fixed or variable. If the output of the 
department is decreased one-half, the variable expense will in like man¬ 
ner be cut in half, but the fixed costs will not change. If there is a lack 
of orders and equipment is not used to capacity, or if a more expensive 
machine or class of labor is used than is normal, then these facts should 
appear on the books in such a way as to show the true conditions, and 
not place responsibility upon the manufacturing superintendent, for he is 
not responsible. It frequently happens that sales trends tend to place 
abnormal demands on particular manufacturing departments or classes 
of machines, and leave others comparatively idle, unless used at a dis¬ 
advantage. In order to increase outputs, operations may be performed on 
machines which can do the work, although uneconomically. The conse¬ 
quence is to decrease profit, or even incur a loss. The remedy is to sell 
what the plant can produce to advantage. 

Accuracy and fairness w^ould seem to indicate that the expense charged 
to a product or order should bear a definite relation to the use made of 
manufacturing arrangements. Manufacturing costs would not fluctuate 
with a varying volume of output if this were done, and undistributed 
fixed expense would be charged to the profit and loss account. This 
would constitute a charge against management for failure to utilize its 
plant normally. 


934 is the estimated number of hours that the machines in this group will run per month. 









588 INDUSTRIAL MANAGEMENT [Ch.33 

Theoretical and Practical Capacity.^ —^Theoretical capacity may be 
stated as the number of units a given piece of equipment or machine can 
produce within a given time under ideal conditions. In connection with 
hand labor it implies the number of units that can be turned out by the 
best workers. Practical capacity, on the other hand, is commonly 
regarded as a percentage of theoretical capacity. That is, allowance has 
been made for single purpose equipment, unusable equipment, emergency 
machines, etc., and in the case of hand labor for losses attributable to 
labor turnover, absenteeism and the like. 

The effect upon the burden rate is illustrated by the following figures: 

Monthly Unit 

Production Burden 


Factory Operating Condition At:— 

(1) Practical capacity (as previously herein defined) 1,000 $2.00 

(2) Highest sustained rate of production (experi¬ 

enced for one month during a good year). 900 2.22 

(3) Average production over several months of regu¬ 

lar operation when sales volume was sufficiently 

uniform to warrant efficient operation. 800 2.50 

(4) Monthly production during a year when the most 

uniform production was maintained throughout 

the year . 700 2.85 

(5) Average monthly production during the previous 

year . 600 3.33 


The nearer production can come to (1) the closer costs are to their 
low. Probably a point somewhere between (2) and (3) may ordinarily 
be chosen as a base. 

The effect of this ‘Variance” in the burden rate due to different 
volumes of output when actual costs are used is disclosed by the following 
analysis: 

1 . Units produced sell at $5 each. 

2. Fixed factory charges are $1,000 per period. 

3. Variable factory expenses amount to $3 per unit produced. 

4. Selling and administrative expenses amount to 8% of sales in¬ 

come. 

5. An inventory of 200 units is carried on hand at all times. 

In the period just prior to the first one shown in the following table 
1,000 units had been produced at a cost of $1,000, the fixed expense, plus 
$3,000 the variable expense ($3 times 1,000), making a total cost of 
$4,000 or $4 per unit. The opening inventory of 200 units is therefore 
worth $800. 

2*‘Normal Capacity and Its Relation to Costs,” a booklet issued by the Illinois 
Manufacturers’ Costs Association, Chicago. 
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Period 

1 

2 

3 

4 

5 

Units produced . 

800 

600 

600 

700 

700 

Actual unit cost. 

. $ 4.25 

4.67 

4,67 

4.43 

4.43 

Opening inventory . 

. $ 800 

$ 850 

$ 933 

$ 933 

$ 886 

Add manufacturing expenses. 

. 3,400 

2,800 

2,800 

3,100 

3,100 


4,200 

3,650 

3,733 

4,033 

3,986 

Less closing inventory. 

850 

933 

933 

886 

886 

Cost of sales. 

. 3,350 

2,717 

2,800 

3,147 

3,100 

Sales income . 

4,000 

3,000 

3,000 

3,500 

3,500 

Gross profit . 

650 

283 

200 

353 

400 

Selling and administrative expense... 

320 

240 

240 

280 

280 

Net Profit . 

. $ 330 

43 

40* 

73 

120 


* Denotes loss. 


Note that although the operations in the third period were carried on 
at the same volume and according to the original assumptions at the 
same efficiency, still, with the same administrative and selling expense, 
the third period shows a loss whereas the second shows a profit. Obvi¬ 
ously, this is misleading. Likewise, one might erroneously gather that 
the fifth period operations were in some way more efficient and therefore 
more profitable than those of the fourth period. 

When operating statements are computed on a standard cost basis, 
these peculiarities do not occur. Take, for example, the conditions as¬ 
sumed above and add the assumption that 1,000 units per period is the 
basis upon which standards are computed: 


Period 

1 

2 

3 

4 

5 

Units produced ... 

800 

600 

600 

700 

700 

Manufacturing expense . 

$3,400 

$2,800 

$2,800 

$3,100 

$3,100 

Standard cost of production. 

3,200 

2,400 

2,400 

2,800 

2,800 

Sales income . 

4,000 

3,000 

3,000 

3,500 

3,500 

Gross profit . 

800 

600 

600 

700 

700 

Idle plant expense. 

200 

400 

400 

300 

300 

Selling and administrative expense... 

320 

240 

240 

280 

280 


Net Profit . $ 280 40* 40* 120 120 

* Denotes loss. 

The second and third periods now show identical losses and the fourth 
and fifth periods show identical profits. 

Depreciation.—^The elements entering into depreciation charges are: 
(1) cost, (2) estimated useful life, (3) scrap value, and (4) repairs and 
replacements. A machine worth $2,500 today may be worth but $1,000 
in five years. As fiscal periods do not coincide with the life periods of 
machines, buildings, and equipment, it becomes necessary to compute 
depreciation at periodic intervals. 
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Depreciation charges are sometimes figured as an estimated percent¬ 
age of the cost or book value of the assets. These may be classified 
under appropriate headings as buildings, machinery and equipment, furni¬ 
ture and fixtures, and the like. Charges are then made up by taking an 
arbitrary rate of from 1 to 5% for buildings, 5% to 15% for machin¬ 
ery and equipment, and from 7j4% to 33^% for furniture and fixtures. 
While this method may answer under some circumstances, it is not to be 
recommended. It is usually desirable to consider depreciation on individ¬ 
ual machines, buildings or other asset units. 

Depreciation charges cannot be determined with absolute accuracy. 
They are occasioned by wear and tear, by other causes not remediable by 
repair and maintenance work, obsolescence and inadequacy. Machines 
and buildings tend to wear out. By maintenance and repair work it is 
possible to prolong the life of the asset, but there will come a time w^hen 
it will not serve its purpose. The mere passing of time may cause assets 
to waste away. Unused buildings and equipment may depreciate more 
rapidly than if used. Obsolescence has to do with type and quality. It is 
a cause of value depreciation in that an asset may decrease in value 
because of some new development. A new machine or process may l)e 
invented which will render other machines useless. Newer methods may 
be more economical, for example, making it advisable to scrap present 
equipment for more modern machines. This factor has been a prominent 
one in the textile, shoe, and Portland cement industries, and in the earlier 
development of industries based on the use of electrical equipment. 
Equipment which is in good condition may be discarded because it 
becomes inadequate with respect to size or power. Public utilities are 
constantly confronted with the fact that turbines, boilers, transformers, 
etc., become too small. Larger units are frequently installed because of 
the increased efficiencies derived by their use, while extensions of power 
lines or transportation facilities into rapidly expanding communities 
necessitate replacement of existing equipment on a larger scale or 
installations not immediately fully utilized. 

Repairs, Renewals, Replacements, and Depreciation Rates.— 

Repairs, renewals, and replacements are factors entering into the deter¬ 
mination of rates. There are three methods of handling charges from 
these needs: 

1. The expense may be charged to operating cost as incurred. 

2. The annual charge expected may be estimated, and a reserve 

accumulated in a reserve account by credit each month of 1 /12 
the total. Against this account charges can be made as they 
occur. 
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3. In the beginning, an estimate may be compiled to cover the cost 
of repairs and renewals, and this amdunt added to cost of the 
item. The depreciation rate can then be calculated high enough 
to include such expenses. As they occur they can be charged 
against the depreciation reserve. 


It is considered best practice in most cases to charge to operating costs 
expense of this kind as it occurs. When for some reason such charges 
are unusually heavy at certain periods, the second plan suggested may 
operate more smoothly from a financial standpoint. The main object of 
the third plan is to equalize the annual charge against revenue to cover 
depreciation, repairs, and renewals. In the later years of the life of a 
machine or building these latter expenses would tend to be much greater 
than in the earlier years unless handled in this way. 


Figure 



Age in years 

170. Chart Showing Depreciation Charges as Computed by Different 

Methods 
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Methods of Calculating Depreciation. —It may be contended that 
the resale value is the only true value of equipment at a given time. On 
this basis a slightly used machine may be worth little more than half of 
its cost. With this assumption depreciation would take place very rapidly 
at the beginning of the period of use and less rapidly during the later 
life of the machine. This is shown in Figure 170 by curve FEG, From 
the standpoint of serviceability it is evident that the machine would be 
just as grod as new for a good part of its early life. On this basis there 
would be but little depreciation during the first period. Curve FAG of 
Figure 170 illustrates the effect of this reasoning. Methods which are 
less extreme and more practical are the (1) straight-line method, 
(2) sinking fund method, (3) reducing balance method, and (4) produc¬ 
tion method. The data used in plotting the curves in Figure 170 are 
given in Table 24. 

The graphs in Figure 170 disclose that the straight-line method (line 
FCG) is more conservative than either the sinking fund method (curve 
FBG) or considering actual value from a service standpoint (curve 
FAG). Because of this, and on account of simplicity of calculations with 
this method, it is the one most generally used. 


Table 24. Depreciation Data Used in Plotting Curves in Figure 170 


Age 

Straight-Line 

Method 

Sinking Fund 
Method 

Reducing Balance 
Method 

in 

Vofifc; 

Depreci- 

Yearly 

Depreci- 

Yearly 

Depreci- 

Yearly 

X CTdl & 

ated 

Depreci- 

ated 

Depreci- 

ated 

Depreci- 


Value 

ation 

Value 

ation 

Value 

ation 

0 

$1,500.00 

$ 0 

$1,500.00 

$ 0 

$1,500.00 

$ 0 

1 

1,360.00 

140 

1,393.79 

106.21 

1,144.05 

355.95 

2 

1,220.00 

140 

1,281.21 

112.58 

872.57 

271.48 

3 

1,080.00 

140 

1,161.87 

119.34 

665.51 

207.06 

4 

940.00 

140 

1,035.37 

126.50 

507.58 

157.93 

5 

800.00 

140 

901.28 

134.09 

387.13 

120.45 

6 

660.00 

140 

759.15 

142.13 

295.27 

91.86 

7 

520.00 

140 

608.49 

150.66 

225.21 

70.06 

8 

380.00 

140 

448.79 

159.70 

171.77 

53.44 

9 

240.00 

140 

279.51 

169.28 

131.01 

40.76 

10 

100.00 

140 

100.07 

179.44 

99.93 

31.08 


Standard Costs. —Standard costs provide an effective means of mana¬ 
gerial control. They are planned costs which serve the same as a budget 
in setting standards of achievement and providing a check on attainment. 
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They point out any discrepancies that may occur and indicate conditions 
that require attention. While the fundamental principles of standard cost 
systems are essentially the same, each installation must be individually 
adapted to the situation. The Cost and Production Handbook lists causes 
of variations in production costs due to various reasons. Variations in 
labor costs are due to: 


1. Poor selection of workers. 

2. Inadequate or incorrect training. 

3. Poor wage or incentive payment plan. 

4. Lack of suitable machines, tools, equipment, or materials. 

5. Changes in design of product. 

6 . Changes in machinery, tools, equipment, or methods, or specifi¬ 

cations. 

7. Unsatisfactory working conditions. 

8 . Dishonesty among workers or collusion with supervisors. 

9. Increased wages or working hours. 

10. Excess supply and idle time of labor. 

11. Lack of correct or adequate accounting and production records. 


Because of variations which inevitably occur, due to these and other 
causes, it is necessary to revise standard costs from time to time. To care 
for current variations in any of the factors affecting costs, variance ratios 
may be used, and thus permit the continued effective use of standard costs 
under changing cost conditions. 


Determining Standard Costs.—Since manufacturing costs include 
the elements of labor, material, and burden, it is necessary to determine 
standards for each of these in order to operate a standard cost system. 

Standard Labor Costs. The importance of the labor element varies 
with the type of industry, being of less importance when production is 
chiefly dependent upon machines, and vice versa. It is most subject to 
variation of any of the factors, and should always be watched closely. 

Standard labor times are set by means of operation studies, and time 
cards or other records show actual times taken. Any considerable varia¬ 
tion from standard times should be investigated and the causes disclosed. 
These may arise from failure to maintain the standards established fol¬ 
lowing time and motion studies, incompetency on the part of the operator, 
or other reasons. Standard labor costs are computed by multiplying 
.standard labor rates by standard labor times. They should be checked 
for individual operations, departments and for lines of products. Varia¬ 
tions may be expressed by ratios of the actual to the standard. 
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Standard Material Costs. The quantities of materials needed can 
be very accurately determined by analysis of finished parts, experience, 
or test runs. The information so obtained may then be incorporated in 
specifications or material lists. Material requisitions for manufacture 
provide a check on amounts issued and used. If the records kept dis¬ 
close substitution of materials, waste, or excess scrap, there is cause for 
inquiry. Standard material costs may be established for given periods 
from information furnished by the purchasing department. The major 
variation in material costs is likely to be in the prices paid rather than 
the quantities used. Inasmuch as material costs in some lines make up 
an important proportion of sales prices, discrepancies are important. 
Differences should be noted by classes of products, kinds of materials, 
and possibly by manufacturing departments. The data obtained can be 
used as a guide and check upon purchasing and sales prices. Added 
profits should accrue from advantageous purchases, and losses averted 
when market prices are high. 

Standard Burden Expense. The indirect expenses of the manu¬ 
facturing departments need to be cared for by a charge against manu¬ 
facturing operations. These charges are made in the form of standard 
rates which may be applied in several ways as already described. There 
will inevitably be differences between manufacturing expense as incurred 
and the amount realized by applying standard rates. These occur because 
of variations from normal production schedules, and expected expense 
totals. The use of budgets helps in analyzing these variations and secur¬ 
ing more effective control. 

Utilizing Standard Costs. —It is important to check cost variations 
over periods of time. This can be accomplished by means of statis¬ 
tical reports or by use of graphic charts. Figure 171 shows a chart 
which presents in graphic form cost variations by classes of materials. 

The straight lines opposite the letters denoting the classes of goods 
represent standard costs in dollars and cents. The solid jagged lines repre¬ 
sent weekly records above or below that line. The dotted, irregular lines 
indicate last year’s record against the standard. The checking of actual 
costs against the standard must be something more than merely a mental 
exercise if it is to be of value to the company. 

Standard Man-Hour Cost. —computation of the man-hour cost for 
work done on a particular type of machine is given in Figure 172. This 
summary statement indicates clearly the factors of cost which enter into 
the problem. 



Ch. 33 ] 


INDUSTRIAL <X)STS 


595 



oo 


o 


o 


o 


X 


Figure 171. Chart of Standarrl Cost with Above and Below \ ariation 
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The Operation of Cost Systems.— An effective cost system will not 
only give cost facts with respect to past performance, but enable those 
responsible for costs to control operations in prospect. Cost data must 
be more than history. They must point the way toward economies in 
operation. For this reason, in addition to accounting theory, operating 
experience is a prime requisite of the cost accountant or cost engineer, 
if he is to analyze operating conditions in preparing a cost system, and 
submit expense figures in proper form and sufficient detail to tell the 
desired story. When a manufacturing expense is incurred it is evidently 
for a purpose, and the cost plan will distribute all such items of expense 
in just proportion to the proper processes. Only by accurate allocation 
of expenses can individual costs be dependable and comparative; hence 
general accounts are to be avoided. 

It is difficult to secure cost information, as such, from production 
departments. Operating men are primarily interested in production, and 
the effective administration of their departments. Cost data are best 
obtained, therefore, as completely as possible by means of production 
control and administrative forms. These include labor tickets, material 
and supply requisitions, output records, reports on waste, and on expense 
incurred for any purpose. The sources of expense should be thoroughly 
analyzed, as has been done in Figure 173, by the cost department of a 
machinery manufacturer. 


Grand Total Selling 
Cost OF Job 


B [Total Selling Cost of- 
C [Worked Material by 
etc.J Divisions 


Drawings 
Stores Sold 
- Sublet Contracts 
Freight Royalties, etc. 
Erection 


Shop Cost-< 


Wages 
Expense 
Machine Cost 
Stores 

Worked Material 


Special Patterns 
Special Tools 
General Expense 


Figure 173. Chart of Costs in Connection with a Job Order 


Descriptions of the individual accounts and what charges are properly 
made to them are a necessary part of any cost system. Examples of 
these are as follows: 

Special Tools. Tools made for a special job. The selling cost of these 
tools is charged to the order. This includes wages, shop expense, material 
(stores), and general expense. 
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Special Patterns. Patterns made for a special job. The selling cost 
of these is charged to the order. This includes wages, shop expense, mate¬ 
rial (stores), and general expense. 

Indirect Labor. All functional foremen, their assistants and all labor 
that cannot be charged to a particular manufacturing, construction, equip¬ 
ment, or other department order, or to one of the other expense items of this 
department, including machine shop tool room. Also the rate setters and 
route clerks in the planning department that work only for the benefit of 
the machine shop. 

Heat, Light, and Power. Includes the labor and materials used in 
making steam, transmitting power, heating, light, water, etc., and also 
all labor and material used in repairing and maintaining the apparatus, 
machines, buildings, etc., in this department. 
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Building Construction (See ‘'Construc¬ 
tion of Factory Buildings*') 

Burden (See also “Industrial Costs**) 
Burden rate, 581 
Depreciation, 589-592 
methods of calculating, 592 
Distribution of, 
by direct labor cost, 580-582 
by direct labor hours, 580 
by machine-hour rate, 582-583 
by production center, 584-587 
Business Organizations, 

Legal forms, 64-69 
business trusts, 67-68 
corporations, 68-69 
individual proprietorship, 64 
joint stock company, 67 
partnerships, 65-66 
Public relations work by, 13-14 
Time and motion studies by, 410-412 
Buying (See “Purchasing Department**) 

Capitalistic System, 

Human relations in, 306-307 
Mutuality of interests in, 307 
Ceilings, 

Finishes to eliminate glare, 242 
Light reflection from, 256-257 
Central Manufacturing Districts, 127- 
129 

Aid in building, 128 
Banking facilities, 129 
Freight and traffic services, 128 
Labor supply, 128 
Utilities, 129 

Charts (See “Organization Charts”) 
Climate, As Affecting Location, 122-123 
Committees, 

Advisory, 87 

Committee plan of organization, 87 
Coordinative, 88 
Executive, 87 
Special purpose, 89 
Standards, 290-291 
Company Unions, 316-318 
Concrete, 

Beam and girder designs in, 151 
Flat slab designs in, 150 
Construction of Factory Buildings, 145- 
155 

Architectural design, 155 
Choice of materials and type of struc¬ 
ture, 145 

Depreciation and obsolescence, 145 
Factory floors, 152-153 
comparison of materials, 153 
requisites of, 152 


Construction of Factory Buildings— Con¬ 
tinued 

Factory roof, 154-155 
Flexibility of design, 146 
Insurance costs, 145-146 
Materials for walls, 153 
insulation factors, 153 
Mill construction, 146-147 
Occupancies and floor loads, 147 
Reinforced concrete, 149-150 
Steel frame construction, 148-149 
Consulting Service, 

As aid in analysis for construction, 
136 

For power plant, 156 
Range of, 61 

Value in management, 61-62 
Consumer, 

Organizations, 286 

Simplified product in relation to, 
282 

Continuous Process Production, 

Layout for, 229-231 
Production control in, 554 
Contracts, 

Building, 137-140 
cost-plus, 138-140 
lump sum, 137-138 
percentage, 138 
Legality of purchase, 495 
Control, 

Budgets, 462-480 (See also “Bud¬ 
gets”) 

Corporation control and administra¬ 
tion, 76-79 

Materials, 511-531 (See also “Mate¬ 
rials Control”) 

Production, 545-577 (See also “Pro¬ 
duction Control”) 

Quality, 496-509 (See also “Inspec¬ 
tion” ) 

Tool, 532-544 (See also “Tool Con¬ 
trol”) 

Conveyors, 

Assembly line, 205 
Belt, 202 

Overhead, 205-209 
Platform, 202-203 
Pneumatic, 205 
Roller, 203-205 
Screw, 205 
Spiral, 205 

Corn Pioducts Plant, 

Organization chart, 100-101 
Corporations, 

As form of organization, 68-69 
Choosing the place to incorporate, 69 
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Corporations —Continued 
Control and administration, 76-79 
Promoting, 69 

Cost Systems, Operation of, 597 
Costs (See also ^'Industrial Costs”) 
Accidents, 351 
Labor turnover, 330 
Lighting, 253-254 
Maintenance, control of, 187 
Marketing, 21-22 
Plant layout, influence on, 213 
Power, 159-160 
Production materials, 481 
Progress in reduction of, 49-50 

Department Heads, 

Duties and responsibilities, 79-81 
Departmental and Machine Layout, 221 
Departmental Plan of Organization, 82 
Depreciation, 

Charges for in cost system, 136-137 
Factor in choice of construction mate¬ 
rials, 145 

Method of calculating, 592 
Rates for, 590-591 
Design, 

Analysis of plant for, 136-137 
Influence of research on, 35 
Power plant, 156-157 
Product, 36-37 
Standardization of, 296 
Use of industrial designers, 37 
Deviation Ratios, 401 
Direct Labor Cost, 580-582 
Disability Insurance, 333-334 
Distribution, 

Advertising, 29-30 
Analysis of market, 24-26 
Channels of, 26-28 

Characteristics of mass distribution, 
20-21 

Connection of sales and production, 19 
Consumer, importance of, 31-34 
Cost of marketing, 21 
Full-line salesmen, 23 
Market counselors, 26 
Mass production, 19-20 
Public criticism of, 20-21 
Sales organization, 22-23 
Sales problem, 22 
Sales promotion, 30 
Sources of market analysis data, 26 
Specialization by products, 23 
Tractor company’s distribution meth¬ 
ods, 29 

Work of National Machine Toll Deal¬ 
er’s Association, 31 


Diversification of Products, 

Aims of, 288 

As outgrowth of research, 287 ' 

Types of, 288-289 
Drives, Types of, 163-164 

Economic Security, 332-340 
Accident and life insurance, 333-334 
Annuities and pension plans, 334-336 
Home ownership, 339-340 
Stabilization of employment, 336-338 
Stock ownership, 339 
Unemployment insurance, 336-338 
Education and Training, 341-346 
Apprentice and job training, 344-345 
College men, 342 
Conferences as aid to, 344 
Executives, 342 
Foremen, 343-344 
Vestibule schools, 345 
Efficiency Experts, 

Era of, 60 
Electricity, 

Heat from, 170 
Industrial heat from, 171-173 
Motors, 163 
Power from, 160-163 
Element Parts, Standardization of, 296- 
297 

Elevators, 

Maintenance of, 185 
Use in materials handling, 192, 195, 
197 

Emerson, H., 

As early leader in management, 57 
Efficiency Wage Plan of, 456-457 
Employee Records, 

Employment interviews, 322-325 
Exit interviews, 330-332 
Importance of 326 
Merit rating report forms, 327 
Rating the employee, 435-437 
Employee Representation (See “Human 
Relations”) 

Employer, Wants of, 306 
Employment Procedure, 322-326 
Application blank, 323 
Establishing the new employee, 326 
Intelligence tests, 325 
Interviews, 324-325 
Job specification cards, 325 
Trade tests, 325-326 
Engineering Department, 

Inspection control by, 500 
Engines, 

Gas, oil, and gasoline, 174-175 
Power, 160 
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Evansville Program of Public Relations, 
11-13 

Executives, 

Education and training, 341-343 
Responsibilities and duties, 72-73 
Expenses, 

Classification for budget, 467 
Indirect, standard costs, 592-596 
Sales, 470 
Express Service, 

Factory location as affected by, 120 
Eyesight, 

Defective, prevalence, 237 
Employees, examination of, 238 

Factory, 

Building, 

materials, 145-154 (See also “Con¬ 
struction of Factory Building”) 
planning, 131-143 (See also “Plan¬ 
ning the Factory Building”) 
Heating, 165-170 (See also “Heat¬ 
ing”) 

Lighting, 237-257 (See also “Light¬ 
ing”) 

Location of, 109-130 (See also “Loca¬ 
tion of Factory”) 

Factory Manager, 

Faculties required, 73 
General manager, 77-78 
Tests for effectiveness of, 75 
Fair Labor Standards Act of 1936, 427 
Fatigue, 359-370 
Accidents in relation to, 367 
Burden on industry, 359 
Daily production curves, 367-370 
Definition of, 360 
Effect of changes in hours on, 370 
Effect of environment, 361 
Elimination of, 370 
Employee off the job, 370 
Health in relation to, 360 
Hours of work, 346 
Lighting as a factor in, 238 
Mechanized operations and nervous 
strain, 266 
Mental attitude, 362 
Mental fatigue, 361 
Monotony as cause, 361-362 
Music as relief for, 363 
Night shifts and overtime, 365-366 
Noise as factor, 366 
Physiology of, 360 
Reserve capacity of workers, 367 
Rest periods, 363 
Ventilation as factor, 262 
AVork arrangements, 364 


Financial Budget, 475 
Fire Hazard, 

Factor in choice of materials, 145 
First Aid Department, 352-353 
Floors, Construction of, 152-153 
Foremen, 

Aid in successful time wage plans, 
446 

Bonuses for, 438-440 
Cooperation in time studies, 391 
Foremen’s budget, 473-474 
Functional foremanship, 90-91 
Place in industrial organization, 81 
Foundry, 

Layout for, 231-232 
Materials control, 515 
Production control, 566-570 
Functional Foremanship, 

Production control under, 547-548 
Taylor’s plan, 90-91 
Furniture Factory, 

Air conditioning in, 272 
Organization chart of, 102 
Storage of lumber, 516 

Gantt, Henry, 

As leader in scientific management, 
59 

Charts of production control, 574-577 
Task and Bonus Wage Plan, 455-456 
Gas, Industrial Heat from, 173 
General Motors Corporation, 
Organization chart, 96-99 
System of stabilized wages in, 429 
Gilbreth, F. B. and L. M., 

As leaders in management, 59 
Micromotion studies, 385-387 
Government Regulation, 

“Blue Sky” legislation, 71 
City ordinances as affecting location, 
122 

Fair Labor Standards Act, 427 
Increase in, 51 

Public Utilities Holding Company 
Act, 70 

State legislation, 121-122 

Halsey Wage Plan, 450-451 
Handling Materials (See “Materials 
Handling”) 

Health (See also “Safety”) 

Cost of industrial medical service, 353 
Effect of air conditioning on, 261- 
262 

Fatigue in relation to, 360 
First-aid, 352-353 

Functions of medical department, 352 
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Health —Continued 
Industrial health programs, 346 
Plans for family medical care, 353- 
354 

Plant sanitation, 353 
Heating, 

As by-product of power, 166 
Electric, 170 

For industrial processes, 171-175 
Hot-water systems, 166-167 
Maintenance of equipment, 185 
Purchase of, 166 

Selection and design of systems, 165 
Steam systems, 167 
Unit heaters, 168-170 
Vacuum systems, 167-168 
Historical Background of Industry (See 
also “Progress of Industry” and 
“Scientific Management”) 

Basic needs of industry, 43-45 
Financial changes from 1875-present, 
54 

Government regulation, trend, 51 
Industrial problems of today, 48-49 
Need for new management methods, 
54-55 

Technical improvements, 54 
Unionization, 311-318 
Hoists, 192 
Hosiery Mill, 

Production control, 556-557 
Hot Water Heating Systems, 166- 
167 

Human Relations (Sec also “Personnel 
Department”) 

Capitalistic system in regard to, 309- 
311 

Employee-management relations, 30(^>- 
307 

Individual in society, 306 
Labor organizations in industry, 311- 
318 

Humidity, 

Air conditioning factor, 263-264 
Ideal, 264 

In industrial processes, table for, 

275 

Unit humidifiers, 278 

Individual Proprietorships, 64 
Industrial Costs, 

Abnormal expenses, 587 
Depreciation charges, 589-590 
methods of calculating, 592 
rates, 590-591 

Elements of cost of production, 579- 
580 


Industrial Costs —Continued 
Examples of systems, 597-580 
Methods 'of distribution of shop Ex¬ 
pense, 580-587 
direct labor cost, 580-582 
direct labor hours, 580 
machine-hour rate, 583 
output or materials used, 582 
production center, 584-587 
Operation of cost systems, 597 
Standard costs, 592-596 
determining, 593-594 
man-hour costs, 594-596 
utilizing, 594 

Theoretical and practical capacity, 
588-589 

Industrial Processes, 

Air conditioning in, 271-275 
Choosing, 218-220 
Heat for, 171-175 
Influence on layout, 214 
Standardization of, 293 
Use of light in, 257-259 
Industrial Relations (See “Personnel 
Department”) 

Inspection (See also “Quality Control”) 
Administration of, 507-508 
Checks on, 507 
Devices for, 508-509 
Extent of, 505-507 
Functions of, 499-500 
Line, 504 

Maintenance inspection, 180-181 (See 
also “Maintenance”) 
frequency, 183-184 
records and schedules. 181-183 
tools and equipment, 505-506 
Means of minimizing inspection, 506 
Purchased units, 507, 513-515 
Qualifications of inspectors, 501-503 
Quality control, 500 
Responsibilities of inspection depart¬ 
ment, 498-499 

Special arrangements for inspection, 
505 

Strategic points of, 504 
Instruction Cards, 

Benefit to workers, 417 
Value of, 415 
Insurance of Factory, 

Costs as factor in construction, 145- 
146 

Insurance Plans for Employees, 
Accident and life, 333 
Annuities, 334-336 
Cost of, 334 
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Insurance Plans —Continued 
Group plans, 335 
Pensions, 334-336 
Unemployment wages, 337-338 
Intelligence Tests, 325 
Inter-departmental Committees, 88-89 
Interviews, Employee, 
leaving, 33(>-332 
prospective, 322-325 

Inventories (See also “Materials Con¬ 
trol”) 

Budgetary control, effect on, 464-465 

Classification of, 530 

Control, 488-489 

Methods for taking, 529 

Need of physical count, 528-529 

Perpetual, 526-528 

Tool, 541 

Job Production Plants, 

Departmental layout in, 228 
Production control in, 556 
Job Specification Cards, 325 
Job Standardization (See also “Time 
Study” and “Motion Study”) 
Elements of, 374-378 
environment, 375-378 
equipment, 374 
layout, 375 
materials, 375 
tools, 374 

Training of worker, 413-418 
Knoeppel Profitgraph, 476 
Labor, 

Conflict between capital and, 306-311 
Economic security of, 332-340 
Education and training of, 341-346 
Employment of, 322-326 
Health and safety of, 346-354 (See 
also “Safety”) 

Position in industry, 42 
Rest and recreation in industry, 354- 
358 

Wages of (See “Wages”) 

Layout, 

Analysis of manufacturing require¬ 
ments, 213-214 
Auto truck plant layout, 229 
Combinations of departmental and 
line plan, 223 

Comfort of employees in, 236 
Continuous process production, 229- 
231 

Departmental and machine arrange¬ 
ment, 221 


Layout —Continued 
Influence of processes upon, 214 
Influence upon costs, 213 
Integrated manufacture, 224-225 
Job production, 228 
departmental layout in, 228 
Layout for foundry, 231-232 
Layout in newspaper plant, 233- 
234 

Layout to shorten production time, 
228-229 

Machine equipment, 216-218 
Planning, 213 

Processes and methods, factors in, 
230-235 

Types of plants, 
continuous process, 224 
job manufacturing, 224 
semi-standard, 224 
standard, 225 

Visualizing layout, 221-222 
use of scale models, 222 
Level of performance, 401 
Determining allowance times, 401- 
404 

Lighting, 237-259 

American Standard Code of Lighting, 
239 

Benefits of good, 237-239 
Buildings without windows, advan¬ 
tages of, 254 
Cost of, 253-254 
Definitions of terms, 239-240 
Direction of, 244-245 
Examples of good lighting, 246-249 
Eye diseases and accidents, 244-245 
Improved lighting and production, 
249-250 

Intensity of, 244-245 
Maintenance of, 250-251 
Prevalence of poor vision, 237 
Quality of light, 240-244 
color correction, 242 
fluorescent, 244 
glare, 240 
mercury, 243 

wall and ceiling finishes, 242 
Requirements of, 239-240 
Systems of, 254-255 
direct, 256 
indirect, 257 
semi-direct, 257 
supplementary local, 257 
Use of light in processes, 257-258 
drying and heating operations, 258 
photoelectric control devices, 259 
stroboscope, 258-259 
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Lighting —C ontinued 
Use of natural light, 252 
foundries, 252 
glass block walls, 253 
Location of Factory, 109-130 
Central manufacturing district of Chi¬ 
cago. 127-129 
City ordinances, 122 
Climate, 122-123 
Community assistance, 111 
Concentration in centers, 109-110 
Effects of labor strife, 114 
Factors in choice, 110 
Governmental influences on, 130 
Importance of, 121-122 
Labor supply as factor, 114 
Legislation by states, 121-122 
Local site, 
city locations, 126 
factors in choice, 124 
organized districts, 127 
rural and small town sites, 124- 
125 

suburban, 126 
waste disposal, 127 
Market as factor in, 111 
labor supply, 114 
market analysis of future, 112 
raw materials, 113-116 
shifting markets, 112 
Power and fuel, 115-116 
industries requiring cheap power 
and fuel, 116 

Raw materials as factor, 113-114 
Technique in solving problem of, 129- 
130 

Transportation, 116-121 
airplane service, 121 
benefits of competing services, 118 
express and parcel post, 120-121 
highway, 119-120 
railway rate structure, 117-118 
transportation efficiency, 118 
water, 119 

Machinery, 

Arrangement, 216-218 
Automatic, time studies, 404-407 
Purchasing, 489 
Selection of, 220 
Maintenance, 176-189 
Control of costs of, 187 
Fire protection equipment, 186 
Frequency of inspection, 183-184 
Function of, 176 

Heating and ventilating equipment, 
185 


Maintenance —Continued 
Housekeeping organization, 189 
Inspection for, 180-181 
Maintenaiice department, 176-179 » 
orders from, 179-180 
organization of, 177-179 
Methods and extent of, 184 
Power equipment, 185-186 
Records of, 181-183 
Sanitary facilities, 186 
Time standards, and incentives for, 
187-189 
Management, 

Definition of, 72 

Development of, 41-51 (See also 
“Progress of Industry”) 

Faculties required, 73 
Functions of, 72 
Growth of idea, 53-63 
Organization for, 
charts, 94-108 
committee plan, 87-89 
departmental plan, 82 
functional, 82-83 
inspection department, 499-500 
line and staff plan, 85-86 
line plan, 84-85 
maintenance, 177-179 
materials control, 512 
materials handling, 177-179 
necessity for, 106-108 
personnel, 320 
power and heat, 156 
production, 548-573 
sales, 22-23 

Present situation, 61-63 
Public interest in, 3-17 (See also 
“Public Relations”) 

Scientific management, 53-60 
early leaders in, 55-59 
growth of the idea, 60-63 
Taylor, as leader, 56-59 
Towne, 55 

Manufacturing Costs, 578-598 (See also 
“Industrial Costs”) 

Manufacturing Districts, 

Organized, factory location, 127 
Margin of Profit, 475-476 
Markets, 

Analysis of, 24-26 
Cost of marketing, 21 
Location factor, 111-114 
Study of, for purchasing, 486 
Mass Production, 

Control of stores in, 511-512 
Economies of, 19-20 
In integrated manufacture, 225-227 
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Mass Production —Continued 
Standardization and simplification in, 
289 

Materials, 

Choice for construction, 145 
Control of, 511-531 (for details see 
separate group below) 

Cost of production materials, 481 
Floor and wall, 153 
Handling of, 190-212 (See also “Ma¬ 
terials Handling”) 

Purchase of, 489-491 (See also “Pur¬ 
chasing Department”) 

Standard costs, 594 
Study of, for job standardization, 
375 

Materials Control, 511-531 
Arrangement of stores, 521 
Balance of stores sheets, 513, 527 
Bin tags, use of, 524-526 
Centralized or decentralized locations, 
521 

Classification of stores, 522 
Continuous counts, 530 
Cotton yarn and hosiery mill, 516 
Delivery of materials, 524 
Foundries, 515 
Fragile goods, 518 
Furniture manufacturing, 516 
Inflammable goods, 518 
Influence on mass production, 511 
Inventories, 
actual procedure, 531 
classifications of, 530 
perpetual, 526-529 
records, 513 
Issuing materials, 523 
Liquids, storage, 518 
Location of stores areas, 520 
Material requisition form, 524 
Medicine plant, 516 
Modern shipping practices to facili¬ 
tate handling of stores, 514 
Newspapers, 517 

Perpetual inventory records, 526-529 
Plumbing, gas and water supply prod¬ 
ucts, 517 

Procedure upon receipt of purchases, 
513 

Replenishing stock, 513 
Sand, 515 
Shelving, 519 

Steel fabricating plants, 515 
Storage bins in cement plant, 515 
Storage methods, 514-519 
Stores department, 511, 512 
Stores room layout. 522 


Materials Handling, 190-212 
Analyzing comparative handling costs, 
211 

Classification of devices, 191-211 
conveyors, 202-205 
cranes, 20^211 
elevators, 192, 197-198 
hoists, 192 

trucking equipment, 198-202 
Economies of good shop transporta¬ 
tion, 190-191 

Fixed and flexible equipment, 191 
Influence on building design, 211-212 
Organization for handling, 211-212 
Medical Department, 

Cost of medical service, 354 
Function of, 352 

Plans for family medical care, 353- 
354 

Storage facilities, 516 
Micromotion Study. 386-387 
Motion Study, 

Benefits of, 371-372 
Classification of hand motions, 385 
Divisions of, 374 
Examples, 412-413 
Micromotion study, 386-387 
Teaching motion study, 387 
Therbligs, 385 

Time and motion study group, 410 
Use of in standardizing jobs, 415-41b 
Motor Drives, 163-164 

National Safety Council, 347 
Night Shifts, Fatigue on, 365-366 
Nomenclature, Standardization of, 292 

Operation of Cost Systems, 597 
Operation Studies (See “Time Study” 
and "Motion Study”) 

Orders, 

Production, routine of, 560-562 
Purchase, 492-493 
Organization Charts, 

American Rolling Mill Company, 103- 
104 

Automotive plant, 106 
Corn products plant, 100-101 
Furniture plant, 102 
General Motors Corporation, 96-99 
Purpose of, 94-96 
Trends in organization, 106 
Organization for Management (See 
“Management”) 

Organizations, Business (See "Business 
Organizations”) 

Overhead (See “Burden”'! 
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Ownership in Relation to Management 
(See ‘‘Business Organizations”) 

Partnerships, 65-66 
Pensions, 334-336 
Personnel Department, 319-358 
Economic security of workers, 332- 
340 

accident insurance, 333 
age of workers, 332 
annuities and pensions, 334-336 
cost of insurance, 334 
credit unions, 338 
employee stock ownership, 339 
group life insurance, 333 
home ownership, 339-340 
stabilization of employment, 336- 
337 

summary analysis of group insur¬ 
ance, 335 

thrift and savings plahs, 338 
unemployment wages, 337-338 
Education and training functions, 341- 
346 

apprentice and job training, 334- 
345 

college men, 342 
conferences for employees, 344 
executive training, 342 
extension courses, 346 
foremen training, 343-344 
general education, 346 
training under actual production, 
345-346 

vestibule schools, 345 
Employee records, 326 
Employment procedure, 322-326 
advantage of centralized responsibil¬ 
ity, 322 

application and records of Cater¬ 
pillar Tractor Co., 323-324 
application blank, 323 
establishing the new employee, 326 
intelligence tests, 325 
interviews, applicant, 323 
interviews, exit, 330-332 
job specification cards, 325 
trade tests, 325-326 
Evolution of personnel work, 321 
Health and safety, 346-354 
age and accidents, 348 
beginning of safety work, 346 
causes for accidents, 350 
cost of accidents, 351 
cost of medical department, 352 
functions of medical department, 
352 


Personnel Department —Continued 
Health and safety— 
human dement in safety, 347-348 
industrial health programs, 346 ' 
length of service and accidents, 350 
National Safety Council, 347 
organization and education for, 350 
planning for, 347 

plans for family medical care, 353- 
354 

plant sanitation, 353 
progress in safety, 347 
relation of safety to health, 351 
Influence of plant upon worker, 341 
Labor supply, sources, 327 
Labor turnover, cost and reasons, 
330 

Merit rating report forms and chart, 
327-328 

Objectives of personnel management, 
319 

Organization of department, 320- 
321 

Personnel department budget, 474 
Personnel policies of Western Elec¬ 
tric Company, 319-320 
Promotions and transfers, 327 
Rest and recreation. 354-358 
athletic teams, 357 
plant publications, 355 
recreation, 356 
rest rooms, 356-357 
restaurant service, 355-356 
vacations, 358 

Piece-Rate Wage Plans, 

Group piece work, 447 
Set by time study, 448-450 
Set on past records, 447-448 
Taylor Differential Piece-Rate Plan 
353-354 

Planning Department (See “Produc¬ 
tion Control”) 

Planning the Factory Building, 136-143 
Analysis for design, 136-137 
Lease or purchase of plant, 140-141 
Preliminary steps, 133-134 
Services of architects and engineers, 
132-133 

Specialists, 133 

Standard factory buildings, 134-146 
The building as a tool, 131 
Time to build, 140 
T 3 rpes of buildings, 141-p143 
combinations of multi- and single- 
story, 143 
multi-story, 142 
single-story, 142-143 
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Planning the Factory Building— Con¬ 
tinued 

Types of contracts, 137-140 
cost-plus, 138-140 
lump sum, 137-138 
percentage, 138 
Plant Publications, 355 
Power, 156-164 
Central station power, 157 
Choice of motor drives, 163-164 
Cost system, 159 
Electric current, 160-161 
Engineering design of plant, 156-157 
Examples of power as by-product, 
156-157 

Factors for purchase of power, 159- 
160 

Heat as by-product of, 166 
Load factor, 162-163 
Management control of, 156 
Power factor, 162-163 
Power plant equipment, 160 
Reasons for private plant, 158 
Stand-by costs and supplementary 
service, 159 
Premium Plans, 

Bedaux Point Premium Plan, 458- 
459 

Emerson Efficiency Plan, 45^)-457 
Gantt Task and Bonus Plan, 455- 
457 

Group bonus plans, 461 
Halsey Bonus Labor Plan, 461 
Rowan Premium Plan, 452-453 
Taylor Differential Piece-Rate Plan, 
453-454 

President, Duties and Responsibilities, 
77 
Price, 

As factor in purchasing, 494 
Selling price, 579 
Production, 

Effect on of, 
change in work-day, 370 
fatigue, 367-370 
lighting, 249-250 
ventilation, 261 
Layout as factor in, 228-229 
Time study, 418-419 
Wage plans effect upon, 424 
Production Control, 545-577 
Basic planning data, 552-553 
Centralized or de-centralized plan¬ 
ning department, 573 
Coordinating production with sales, 
545-546 

Copper rod and wire mill, 556 


Production Control —Continued 
Divisions of planning department, 548 
dispatching, 550-552 
routing, 549 
scheduling, 549-550 
Foundry procedure, 556-570 
Gantt charts, 574-577 
Graphic control and follow-up, 573- 
574 

Hosiery mill, 556-557 
Jobbing plants, 556 
Machine shop procedure, 570, 573 
Modern production control, 548 
Operation with a planning depart¬ 
ment, 547 

Planning room, 562-565 
Planning with functional foreman- 
ship, 547-548 

Refrigerator plant, 557-559 
Results of formal planning, 546 
Routine of an order, 560-562 
Separation of planning from perform¬ 
ance, 545 

Textile establishment, 559-560 
Types of manufacture and production 
control, 553-556 
Production Processes, 

As factor in layout, 214 
Continuous process production, 229- 
230 

Flow sheet of, 216 
Selecting, 218-220 
Use of heat in, 171-175 
Use of light an, 257-259 
Profit Sharing Plans, 430-432 
Progress of Industry, 41-51 
Background, 41-42 
Basic needs of, 42 
Capital and credit, 45 
Governmental regulation, 51 
Important part of transportation, 44 - 
45 

Industrial problems of today, 48-49 
Need for management technique, 45 
Position of labor in, 42-43 
Progress in cost reduction, 49 
Skill and training, 44 
Spread of industry, 45 
Promotions, 327 
Public Relations, 3-17 
Activities of American Iron and Steel 
Institute, 16-17 

Business and industrial associations 
13 

Community programs of, 11 
Company plans of, 5-7 
Evansville program, 11-12 
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Public Relations —Continued 
Examples of instructive information, 
14 

Nature and scope of, 4-5 
Need for, 4 

Relation of business to community, 3 
Report by Business Week, 15-16 
Purchasing Department, 481-495 
Administration of, 485 
Budget or schedule control of, 487- 
488 

Centralization of purchasing, 481 
Control of inventories, 488-^89 
Hand-to-mouth and speculative buy¬ 
ing, 489 

Influence of price in buying, 494 
Legality of contracts, 495 
Limitations on authority, 484-485 
Organization of, 491 
Place in plant organization, 481-482 
Purchase by specification, 490-491 
Purchase of capital items, 489 
Purchase order, 492-493 
Purchase requisition, 491-492 
Purchasing authority and policy, 484 
Purchasing function, 481 
Purchasing information, 486 
Qualifications of executives, 484 
Receiving salesmen, 494 
Reciprocity in purchasing, 495 
Technical r.ids to purchasing, 490 
Visiting sellers* plants, 486-487 

Quality Control, 496-509 (See also “In¬ 
spection”) 

By engineering department, 500 
Significance of quality, 496 

Railways, 

As factor in location of plant, 117- 
119 

Importance in industrial progress, 44- 
45 

Recreation (See “Personnel Depart¬ 
ment*’) 

Refrigerator Plant, Production Control, 
557-559 

Repairs, Renewals, and Replacements, 
590-591 
Research, 

Consumer and advanced design, 34 
Consumer, importance of, 31-34 
Demand for new products, 34-35 
Director of research, 39 
Industrial designers, 37 
Influence of research on design, 35 
Management counsel for, 39 


Research —Continued 
Manufacturer, research and society^ 
37-38 , 

Organization for, 39-40 
Product design, 36-37 
Research institutes, 38 
Responsibilities of Management, 62-63 
Rest and Recreation, 354-358 
Athletic teams, 356 
Plant publications, 355 
Rest periods, 363 
Rest rooms, lockers, 356-357 
Restaurant service, 355-356 
Vacations, benefits of, 358 
Rest Periods, 

Fatigue elimination through, 363 
Roof, 

Construction, 154-155 
M-shaped, ventilation by, 278-279 
Routing Production, 549 
Rowan Premium Wage Plan, 452-453 

Safety, 

Accidents and fatigue, 367 
Age in relation to, 348 
Beginning of safety work, 346 
Causes of accidents, 350 
Cost of accidents, 351 
Human element, 347-348 
Length of service and, 350 
National Safety Council, 347 
Organization and education for, 350 
Planning for, 347-348 
Sales (See also “Distribution”) 

Budget for, 369-470 
Coordinating production with, 545-546 
Problem of, 22 
Promotion of, 30 

Work of National Machine Tool 
Dealers Association, 63 
Salesmen, 

As source of purchasing information, 
494 

Full-line, 23 

Specialization by products, 23 
Sanitation, 

Maintenance of facilities, 186 
Plant sanitation, 353 
Scheduling Production, 549-550 
Scientific Management, 53-63 (See also 
“Management”) 

Early work in, 

Taylor, 56-59 
Towne, 55 
Need for, 53-55 

Present situation and pr'jblems, 61-63 
Responsibilities of management, 62-63 
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Selling Price, 

Elements of, 579 
Service Department Budget, 475 
Shelving, for Storage, 519-520 
Shop Expense (See “Burden*’) 

Shop Organization, 

Military type, 89 
Present-day organization, 92-93 
Taylor’s functional foremanship, 90-91 
Shop Transportation (See “Materials 
Handling”) 

Simplification, 

Consumer and the simplified product, 
282 

Division of simplified practice, 286 
Economies of, 282-283 
Manufacturing advantages of, 283-285 
Programs of product simplification, 
285-287 

Standardization as basis for, 289 
Sliding Scale Wage Plan, 430 
Special Order Machinery, 

Production control in plant, 560-572 
foundry procedure, 566-570 
machine shop procedure, 570-571 
planning room, 562-565 
routine of an order, 560-562 
Standard Costs, 

Determining, 593-594 
Elements of, 
burden expense, 594 
labor, 593 
materials, 593-594 
Operation of systems, 597 
Standard man-hour cost, 594-596 
Utilizing, 594 
Standard Product Plants, 

Production control in, 554 
Standardization, 289-304 
American Engineering Standards 
Committee, 290 

As basis for simplification, 289 
Objections made to, 303-304 
Standard practice instructions, 299- 
301 

Standards, 
accuracy, 298-299 

applied to jobs, 229 (See also “Time 
Study” and “Motion Study”) 
applied to management, 291-292 
Standards committees, 290-291 
Stop-Watch Studies (See also “Time 
Study”) 

Determining allowance time, 401-403 
Deviation ratios, 401 
Dividing an operation into elements, 
394-395 


Stop-Watch Studies —Continued 
Equipment for, 393 
Methods of taking, 395-399 
Stores Control (See “Materials Con¬ 
trol”) 

S 3 mthetic Time Studies, 408 

Task Times, Determination of, 401-403 
Taylor, Frederick, 

Differential Piece-Rate Plan, 453-454 
Duties of management, 56-57 
Experiments in effective management, 
58 

Life of, 56-59 

Motion and time studies, 372-373 
Temperatures, 

Comfort chart, 264-267 
Effect on health, 261-262 
Effective temperatures, 261 
Obtaining cooling effects, 268 
Thermometric chart, 268-271 
Tests, 

Effective management, 75 
Intelligence, 325 

Time study accuracy, 401, 418-419 
Trade tests, 325-326 
Thompson, S. E., 

As leader in management, 59 
Time and Motion Study Groups, 
Industrial Management Society, Chi¬ 
cago, 401-413 
Time Study, 

Analyzing the data, 399-400 
Benefits of, 371-372 
Definition of, 371 

Determining allowance time, 401-403 
Determining level of performance, 401 
Deviation ratios, 401 
Dividing the operation into elements, 
394-395 

Divisions of time and motion study, 
374 

Group operation studies, 407 
Job standardization, 374-378 
Methods of taking time, 395-399 
accumulative, 398 
continuous, 395-398 
cycle, 398-399 
repetitive, 398 

Motion study (See “Motion Study”) 
Necessity for cooperation of foremen, 
391 

Number of observations, 399 
Observation sheet records, 395 
Origin and evolution of, 371 
Possibilities of, 373-374 
Preliminary work, 394 
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Time Study —Continued 
Process charts, 380-383 
Production time study, 418-419 
Reasons for antagonism to, 391 
Selecting clement times, 400-401 
average time, 400 
“g6od’* time, 401 
minimum time, 400 
modal, 400 

Selection and training of worker, 378 
Selection of worker to be studied, 391- 
392 

Synthetic time studies, 408 
Stop-watch study, 389 
Taylor’s work, 372-373 
Time setting without time studies, 389- 
390 

Time studies on automatic machinery, 
404 

Time study observer, qualifications, 
390-391 

Workplace set-up chart, 379 
Time Wage Plans, 444-445 
Tool Control, 532-544 
Classification of tools, 536-537 
Control of costs, 543-544 
Keeping inventories down, 541-542 
Location of tool room, 534 
Methods of tool distribution, 533-534 
Purchasing or making tools, 542-543 
Responsibilities of tool department, 532 
Storage facilities, 534-535 
Tool room control systems, 
double check systems, 539 
single check, 539 
tag, 540 

triplicate slip, 539-540 
Tool room personnel, 544 
Tool room records and inventories, 541 
Tooling and tool control, 532 
Tool Inspection, 505-506 
Tool Standardization, 295-296 
Training, 

As factor in time study, 378 
Executive training, 342-344 
Foremen, 343-344 
Job training, 344-345 
Transportation, 

As factor in location of factory, 117- 

121 

Importance in progress of industry, 44- 
45 

Shop transportation (See “Materials 
Handling”) 

Trucking Equipment, 

Crane trucks, 201 
Lift trucks, 200 


Trucking Equipment —Continued 
Tiering, 201-202 
Tractors and trailers, 201-202 

Unions, 

American Federation of Labor, 312 
Congress of Industrial Organizations, 
312 

Economic and social effect of, 313-315 
Future of, 316 

Growth of, in America, 42-43 
Independent, 316-318 
Total unionization, 315-^18 
Wage plans, control of, 444 

Vacations, Effect on worker, 358 
Ventilating Equipment (See also “Air 
Conditioning”) 

Air conditioning equipment, 280 
Electric precipitators, 281 
Natural systems, 276-278 
Unit humidifiers, 278 
Vestibule Schools, 345 

Wages, 

Basic wage theory, 425-426 
Bedaux Point Premium Plan, 457-458 
Bonus awards to supplement, 432 
Caterpillar Tractor Company, 445-446 
Emerson Efficiency Wage Plan, 456- 
457 

Fair Labor Standards Act of 1936, 
427 

Group bonus labor plans, 461 
Halsey Wage Plan, 450-451 
Incentives for inspection, 441-442 
Incentives for maintenance, 442 
Just wages, 426 

Labor’s share of income, 427-428 
Minimum wages, 427 
Monetary and real wage, 426 
Piece-rate wages, 446-447 
group piece work, 447 
set by past records, 447-448 
set by time study, 448-450 
Premium plans, 450 
Profit sharing plans, 430-432 
Rating the employee, 435-437 
Rating the job, 433-435 
Reasons for different plans, 425 
Rowan Premium Plan, 452-453 
Selection of wage plan, 443 
Sliding scale, 430 
Stabilized wages, 428-429 
General Motors Corporation, 429 
Hormel plan, 428 
Sears-Roebuck, 429 
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Wages —Continued 
Standard day wage plan, 446 
Supervisor bonuses, 438-440 
Taylor differential piece-rate, 453-454 
Time wages, 444-445 
Types of wage payments, 443-444 
combination premium or bonus, 444 
piece-rate plans, 443 
time wages, 443 


W ages —C ontinued 

Under different economic systems, 424 
Wage plans for beginners, 437-438 
Walls, 

Construction of, 153 
Finishes to eliminate glare, 242 
Women, 

In industry, 43 
Inspection by, 501-503 





